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3.
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6.

GARDNER

10CAL PROTECTION PROJECT

OTTER RIVER - CONNECTICUT RIVER BASIN

GARDNER, MASSACHUSETTS

A,

Purpose

Location

Type of Improvement

NOVEMBER 1962

PERTINENT DATA

Overbank flood control of Mahoney and
Greenwood Brooks.

Mahoney and Greenwood Brooks, City of
Gardner, Worcester County, Massachusettis,

Farth dikes and dams, concrete spillways,
channel excavation, arch culvert construc-
tjon, and removal of channel obstructions.

Maximum Standard
Floed Project
D/A Record Flood
sq. mi. 700 c.f.5. 700 c.f.5. (1)
SQ. mi. 1100 c.f.s. 1500 c.fes. (1)
sg. mi, 1100 c.f.S. 1500 cofe8e (1)
sq. mi. 1280 c.f.8. 1800 cof.ss (1)

(1) As reduced by flood control storage provided in Wrights Reservoilr.

Hydrology
Location
Chelsea St, 0.2
South Main St. 7.7
Winter St. 7.8
Mill St. 9.2
Upper Wrights Reservoir

Wrights Reservoir

Two 72" x LL" BCCMP with special fabricated
flared end sections.

Farth dike 900 feet long, maximum height
1l feet, top elevation 1076, 10 foot top
width, 1 vertical on 2 horizontal. topsoil
and seeded side slopes above normal water
surface.

Concrete spillway - 60 feet long, crest
elevation 1070, intake elevation 1065,
gated draw-down invert elevation 1060,
stilling basin elevation 1058.

Channel clearing, excavation and stone
paving downstream of the spillway.



Pertinent Data, Cont.

7. West Side Wrights Reservoir

8. Wayside Pond

Earth and gravel fi11 dike - 810 feet long,
maximum height 11 feet, top elevation 1076,
1 vertical on 2 horizontal topsoil and
seeded side slopes, 16 foot top width,
existing earth roadway relocation.

Earth and gravel fill dike -~ 320 feet long,
maximum height 8 feet, top elevation 1073,
10 foot top width, landside slope varies,
waterside slope is 1 vertical on 2 horizon-
tal, topsoll and seeded above normal water
surface,.

Three 72" x LL4" BCCMP (2 with special fab-
ricated flared end sections and 1 with a
concrete draw-down inlet.)

9. Mahoney Pond to Chelsea St,

Earth Dikes (2)

Concrete Spillway
Channel Excavation
and Realigrnment

10, CGuality Pad Company

390 feet long, maximum height 8 feet, top
elevation 1055, upstream of spillway

250 feet long, maxinum height 6 feet, top
elevation varies, dewmstream of spillway
L5 feet long, crest: )elevation 1050.

685 feet long, bottom width varies from h5
feet to 10 feet.

Lower existing spillway crest 3.7 feet to
elevation 1025 and removal of a concrete
post which hangs from a bridge over the
spillway.

11. South Main St. to Traverse St.

12, Principal Quantities

Excavation~Unclassified
Random Earth Fill
Impervious Earth Fill
Gravel Bedding

Stone Slope Protection
Concrete Work

72" x L BCOMP

Concrete retaining wall, closed face, crib
type, 12.5' high,
Removal of remains of Traverse St. dam.

10,000 C.Y.
6,000 C.Y.
12,000 C.Y.
900 C.Y.
1,700 C.Y.
1,330 C.Y.
300 L.F.



Pertinent Data, Cont.

13, Cost Estimates
First Costs:

Federal #285,000
Non~Federal 20,000
Total %305,000 (1)

(1) Exclusive of Pre-authorization costs of $50,000.

Anmual Costs:

Federal 8 8,700
Non-Federal 12600
Total % 10,300

1k, Fenefits

Average Annual Benefits $ 15,000
Renefit Cost Ration 145 to 1.0



B. PROJECT AUTHORITY

This Detailed Project Report is submitted pursuant to authority
contained in Section 205 of the 1948 Flood Control Act; as amended by
Section 212 of the Flood Control Act of 1950, Public Law 685, 2nd
Session, 8Lth Congress, adopted 11 July 1956; and Section 205 of Public
Law 87-87) of the Flood Control Act of 1962 approved 23 October 1962,
Further authority is contained in lat Indorsement dated 20 March 1961
from the Chief of Engineers to a report dated 26 January 1961 from the
Division Engineer, New England Division, Subject: "Reconnaissance
Report, Local Protection Project, South Gardner Diversion, Gardner,
Massachusetts.

C. SCOPE OF DETAILED PROJECT REPORT

1. SCOFE

This Detailed Project Report reviews the general overbank flood
problem at Wrights Reservoir and along Mahoney and Greemwood Brooks
into an industrial area in South Gardner, Massachusetis. Gardner is
susceptible to floods caused by heavy rains or a combination of heavy
rains and melting snow. The flood of record occurred in September
1938. Another major flood occurred in October 1955. These two major
floods caused various degrees of damage to several industrial plants
and residences along Mahoney and Greenwood Brooks and Foster Branch.
This report submits a definite project for overbank fleod control by
conatruction of the following improvements: an earth dike, concrete
spillway and outlet at the north end of Wrights Reservoir; a flanking
dike along the west shore of the reservoir; 2 pipe outlets at Upper
Wrights Reservoir; strengthening of the existing outlet structure of
Mahoney Brook at Wayside Pond; deepening of Mahoney Brook at eritical
locations; an earth dam, 3 pipe outlets at the west end of Wayside
Pond; a new concrete spillway in the vicinity of the Mahoney Manufac-
turing Company; a concrete crib wall in the vieinity of South Main
Street; and removal of several channel ebstructions.

2. TOPOGRAPHIC SURVEYS

A topographic survey of the proposed local protection project on
a scale of 1" = L0' and a contour interval of 1 foot was made in Sep-
tember 1961 and July 1962. '

3, SUBSURFACE EXPLORATIONS

Geological reconnaissance of the proposed project area has been
made. Subsurface explorations were performed during July 1962 and
consist of core borings and hand probings. The location and description
are shown on Plates 11 and 12, Investigations which are delineated in
detail in Appendix D, reveal no particular soil problems in the area of
proposed improvement.

L



L. ECONOMIC INVESTIGATIONS

A detailed flood damage survey was conducted in South Gardner in
1961 to determine the extent- of damage that would be experienced in a
recurrence of 1938 flood stages. The survey consisted of a field exa-
mination of the project area and personal interviews with city and
municpal officials and with property owners affected by flooding. Also,
an investigation of economic developments and trends was made to project
potential future growth and needs relevant to the project.

5. REAL ESTATE STUDIES

Field reconnaissance and conferences with local officials were used
as a basis for estimates of real estate costs. Local interests will pro-
cure all rights required in land, Present indications are that permanent
easements for structures and channel improvement will be adequate. At
this time local interests have estimated real estate costs to be approxi-
mately $12,000,

6. CONFERENCES WITH LOCAL OFFICIALS

Close liaison has been maintained with city and state officials and
other interested narties. DNesires of local interests are described in
Section 0, Officials of local concerns have been contacted and the plan
of protection explained. All have expressed a strong desire for the im-
mediate construction and completion of the proposed project. ILocal in-
terests have supplied firm statements as to their willingness and ability
to participate in the proposed improvement. Formal assurances will be
furnished by the city and the Commonwealth of Massachusetts prior to
completion of final design.

D. PRIOR REPORTS
7. RECONNAISSANCE REPORT

In response to requests from local interests and in compliance with
ER 1165-2-102, a reconnaissance report on overbank flooding in Gardner,
Massachusetts was made., The report stated that construction of dikes and
other channel improvements would relieve the situation. The reconnalssance
report indicated that the project was economically feasible and within the
scope of Public Taw 685. It recommended that the New England Division be
authorized to prepare a Detailed Project Report. By lst Indorsement dated
20 March 1961, the Chief of Engineers authorized preparation of a Detailed
Project Report.



E. DESCRIPTION OF AREA
8. GEOGRAPHY

The City of Gardner is located in north-central Massachusetts about
60 miles northwest of Boston and approximately 25 miles north of Worcester,
Massachusetts. The project site and area studied within the City of
(ardner includes Mahoney and Greenwood Brooks, Wrights Reservoir, Foster
Branch, Baker Broock and Ramsdall Pond. A small stream connects Ramsdall
Pond to the Otter River which is a principal tributary of the Millers
River. The Millers River flows in a generally westerly direction for
about 30 miles and eventually finds its terminus in the Connecticut
River near the Town of Millers Falls, Massachusetts.

The flood plain along the banks of Mahoney and Greenwood Brooks and
Foster Branch contains several chair manufacturing firms, related and
other industries. Boston and Maine Railroad spur tracks serve some of
the firms. A new supermarket has recently been constructed in the Foster
Branch flood plain, upstream from its junction with Mahoney Brook.

The City's flood problem extends for a distance of approximately
1-1/2 miles; from Wrights Reservoir and Wayside Pond to the outlet of
Ramsdall Pond, with major damage areas occurring primarily along Mahoney
Brook.

9. TOPOGRAPHY

The Otter River and its tributary system, of which Mahoney and Green-
wood Brooks are a part, drains a region located within and along the
eastern margin of the New Fngland Upland, in central Massachusetts. This
is a region of moderate relief, characterized by wide, poorly drained
valleys and broad steep-sided hills. The topography, which is to a large
degree bedrock controlled, is a result of long-continmed normal erosion
modified by glacial and post-glacial erosion and deposition. Near the..
close of the glacial period, vast quantities of outwash were deposited
over the region, remnants of which are present in and along the sides of
many of the valleys. Above the outwash the slopes are mantled with a
variably thick deposit of glaclal till. Fxposures of bedrock are common
to the upper slopes and tops of many of the hills and ridges. Limited
outcroppings are also present in and aleng the bottoms of some of the
valleys, where streams have completely removed the glacial debris.

10. SURFICIAL GEQOIOGY

In general, the project area is characterized by numerous and ex-
tensive swamps, interspersed with low, rounded hills. Mahoney Brook,
flowing through the area in a westerly direction, constitutes the



principal drainage. In its course through the project, this stream
traverses several shallow ponds which have been created by the construc-
tion of a pumber of small dams. Tright's Reservoir, located in the
southern part of the project, ¥s also resultant of the damming of
Greerwood Brook. For the most part, the streams of the area are flowing
upon glacial till, and all have gentle gradients. Overburden, consisting
of samdy glacial till, blankets the higher ground in the area, including
the low hills. These materials directly overlie bedrock which, to a
large degree, controls the topography. In some places these deposits

are exposed throughout the valley floor., Flsewhere, near the base of

the hills, they disappeérﬁbeneath scattered remmants of outwash sands

and gravels and extensive deposlts of swamp muck which occupy the in-
tervening lbw areas. In some of the developed areas and at the loca-
tions of the several existing dikes, these natural materials are overlain
by artificial £ill. Bedrock, consisting of cearse-grained granite, is
exposed at only one location in the project area. This outcropping occurs
near the north end of the existing dike which lies along the west side of
Wright's Reservoir. Despite the lack of outerops, indications are that
bedrock is present at shallow depths throughout the project area.

11, MAIN STREAM AND TRIBUTARIES

The total watershed area affecting the project site is approximately
7.6 square miles, of which 3 square miles are outside the City of Gardiner.
The drainage area is made up of three brooks, namely, Foster Branch (2.4
square miles), Greenwood Brook, formerly Nigger Brook (3.2 square miles),
and Mahoney Brook, formerly Pew Brook (2 square miles). A description
of the characteristics of the brooks is as follows:

Mahoney Brook drains an area east of South Gardner and then is joined
by Greenwood Brook and Foster Branch. It rises in a swamp about 2 miles
northeast of South Gardner, and flows through rapids, broad valleys,
swamps and ponds. There is much valley storage. In its 2 mile stretch
through the center of South Gardner it flows through 7 abandoned mill
ponds., The profile of Mahoney Brook is characterized by alterrnately
steep and flat reaches. Its total fall is 185 feet. It drains an area
of about 2.0 square miles. The principal tributaries of Mahoney Brook
are Greenwood Brook and Foster Branch.

Greenwood Brook is a short stream about 1200 feet long which guides
the overflow of Wrights Reservoir into Mahoney Brook, It rises in a
swamp about 2 miles south of South Gardner and flows northward through
a chain of | reservoirs to join Mahoney Brook at Mahoney Pond. It drainms
an area of about 3.2 square miles.




Foster Branch rises in a swamp about 2 miles north of South Gardner
and flows southward through 2 ponds and a swamp to join Mahoney Brook
about 500 feet upstream from South Main Street Bridge. It drains an
area of about 2.L square miles.

12. STREAM CHARACTERISTICS

a, Mahoney Brook and its tributaries flow through several ponds
formed by dams with inadequate spillways and through several culverts
and bridges with inadequate openings. For the most part the channels
between ponds are narrow and OVergrown.

(1) At Wayside Dam there are 2 openings 3 feet by 3.6 feet
high (when the boards are completely removed).

(2) At Mahoney Dam there is an outlet channel 10 feet wide
with a capacity of 24O c¢.f.s. before water begins to flow over the top
of an existing earth dam. The entrance to this channel is partially
obstructed by remains of a gate structure and by a sewer manhole.

(3) At Chelsea Street the waterway under a building is 9.5
feet wide by 5 feet high. Its capacity ig 300 c.f.s.

(h) At the dam near Quality Pad Compamy on the dowmstream side
of Summer Street, the .spillway, 10 feet in width, has a capacity of 210
c.f.8. before water begins to overflow the dam.

(5) At South Main Street the stream flows over a rock ledge
and the clear span between bridge abutments 1s only 16.5 feet. Upstream
from this constriction the channel bottom has a flat slope and backwater
extends upstream beyond Pearson Boulevard. Just downstream from the
South Main Street Bridge the abutments of the Boston and Maine Railroad
bridge cause the stream to make an abrupt turn. Iow steel of this bridge
and utility pipes under the highway bridge are about 5 feet above the bed
of the stream and obstruct flows in excess of L0O c.f.s.

be At Wrights Dam, the downstream dam on Greenwood Brook, the exist-
ing gate structuxe has two openings 3.5 feet wide by 5.0 feet high.

(1) The outlet of Upper Reseyvoir, immediately wpstream from
Wrights Reservoir, consists of a single‘QS-inch diameter corrugated
metal pipe with a discharge capacity of about 150 ¢.f.s. which passes
under "hitney Street. In addition, there is an existingygmted LB-inch
diameter corrugated metal pipe. The pipe, under normal) cdonditions, is
kept closed.



¢, Foster Branch drains the area north of South Gardner. It is
about 2.5 miles long and drains several large swamps. It flows over
two dams before going underground into an 800 foot box culvert that
reduces in size from 13 feet by B feet to 10 feet by 6 feet. From this
point it flows under a railroad bridee which hag a clear opeing of 10
feet by I feet and enters Mahoney Brook.

13, MAPS

The problem area of (ardner and its watershed are shown on standard
quadrangle sheets of the U, S. Geological Survey (scale 1:31, 680)and on
standard quadrangle sheets of the Army Map Service (scale 1:25,000). A
basin map of Mahoney, Greenwood and Foster Brooks is shown as Plate Mo,
1 of this report.

7, CLIMATOLOGY
1, OFVERAL

The project area, which for purposes of this report will be re-
ferred to as Mahoney Brook Basin, has a modified continental-type of
climate. It is generally warm to hot in the summer and moderately
cold in the winter. On the average, the precinitation is uniformly
distributed throughout the year; but freanently the basin is subjected
to short periods of heavy precinitation. The basin lies in the path
of the "prevailing westerlies" and cyclonic storms that cross the
country from the west or southwest and converge on New England. The
area is also exposed to occasional storms that travel up the Atlantie
Seaboard, some of which are of tropical origin and of hurricane inten-
sity. These storms have a high potential for flood-producing rainfall,
particularly from August to October,

15, TEMPERATURE

The average annual temmerature is about LECF, as indicated by the
12-year record at Birch Hill Dam, located 10 miles northwest of the
project site. Recorded extremes are = maxlrmm of 99°F and a miminum of

-3),9F., The average dates of the first freeze in the fall (320F or helow)
and the last freeze in the spring, are September 17 and May 21, respec-
tively. Monthly mean, maximum and minimum temperatures are shown on
Table 1.

16, PRECIPITATION
The annual precipitation on the Mahoney PBrook Basin is li3~inches

as indicated by the Gli~-vear record at Gardner. Annual precipitation
has varied from a maximum of 61.0% inches in 1938 to a minimum of

9



29,60 inches in 1930, Table 1 also summarizes monthly precipitation.
The monthly means show that, on the average, the precipitation is uni-
formly distributed throughout the year. The monthly extremes indicate
the existence of wet periods and dry periods.

TABLE 1

MONTHLY TEMPERATURE AND PRECIPITATION

Temperature Precipitation
(deprees fahrenheit) (inches)
Station Birch Hill Dam, Mass,. (tardner, Mass
Elev. (ft. m.s.1.) 8l0 1,110
Years of Record 12 sl
Month Mean Max. Min, Mean Max. Min.
January 2h.0 57 -3L 3.39 7.35 E .80
February 26.0 6l -23 3.05 5.40 1.31
Ma.rch 32.0 70 -17 3063 chh 001
April 4s.6 83 10 3.65 7.99 .52
June 6lye 3 97 2l 3,82 g.21 52
July 68.5 96 36 3.88 9,21 .76
August 66.6 99 33 3.65 9.1 45
September 58.8 98 20 3.86 17.31 .20
October US.eh 83 13 3.19 11.83 .07
November 38.9 79 3 3.87 6.92 .67
December 26-9 ég_ _'_"_g_‘é_ 30 36 7:5’4 053
ANNUAL L6k 99 -3l h2.75 61,01  29.60

®., One or more days estimated.

17. SHOWFALL

The average annual snowfall on the Mahoney Brook bagin is 6%5.5 inches,

based on the record at Gardner, and summarized in Table 2. The water

equivalent of the snow cover normally increases through the winter, reach-

ing an average depth of 3 inches in the middle of March, and then diminishes
rather rapidly. The maximum snow cover of record had a water equivalent of

f inches. These figures are based on a l2-year record for the Millers River
basin above Birch Hill dam, which includes the Mahoney Brook basin.

10



TABLE 2

MEAN MONTHLY SHNOWFALL
GARDNER, MASSACHUSETTS

(Average Depth in Inches)

Elevation : 1,110 ft, m.s.1l.

Period of Record: 18 years
Month Snowfall
Jamary 18,2
February 16.8
March 11.2
April ho3
May 0.2
June ¢.0
July 0.0
August 0.0
September 0.0
October 0.0
November ko5
December 10.3
ANNUAL 65.5

18, NOTABLE STORMS

The following tabulation lists notable storms which have occurred
at Gardner, Massachusetts.

Total Rainfall Type of
Date at Gardner Storm
{inches)
1936, Mar 16-19 L.60 Cyclone
1938, Sept 17-22 14.52 Hurricane
1955, Oct 1h4-17 2,30 Cyclone

The "Diane" storm of August 1955 nroduced L.50 inches of rainfall
at Gardner, but runoff was generally light.

11



G. RUNOFF AND STREAMFLOW DATA
19. DISCHARGE RECORDS

There are no continuous records of the flow in Mahoney Brook. The
U. S. Geological Survey made a survey following the September 1938 flood
and estimated that the neak discharge of Mahoney Brook at the middle Mill
Street Bridge (drainage area 8.9 square miles) was 1,200 c.f.s.

The U. S. Geological Survey has published records of stages and
flow of streams near Mahoney Brook. The records are summarized in
Table 3 N

TABIE 3

STREAMFLOW RECORDS

Discharge (c.f.s.)

Location of Prainage Period of
Gaging Station Area Record Mean  Max. Min.
Tarbell Brook near 18,2 1916-1960 30.1 2,630 0,1

Winchendon, Mass.

Millers River near 83.0 1916~1960 Ly 8,500 0
Winchendon, Mass.

Priest Brook near 19.4 1916-1960 33.5 3,000 0,08
Winchendon, Mass,

Otter River near 20,0 1916-1917 36,0 192 -
Gardner, Mass.

Millers River at South 187 1939-1960 322 L,L00 9.3
Royalston, Mass.

fare River near £5.0 1916-1960 96.9 1,890 1.2
Barre, Mass,

Ware River at Cold- $6.8 1928-1960 32% 1,000  L.7
brook, Mass.

*Large part of flow diverted for water supply purposes.

12



20, RUMOFF

The average runoff from watersheds near Mahoney Brook ranges from
1.65 to 1.76 c.f.s.m. (cubic feet ner second per square mile) for gaging
stations with 1l or more years of record, The characteristic variation
in monthly runoff is shown on Table L.

TABLE L

AVERAGE MONTHLY RUNOFF (c.f.s.m.)
Ware River near Barre, Mass., 19L6-1960

Month Maximum Minimum Mean
October 5,00 0.131 0,914
November L.2h 0,602 1.70
December 3.36 0.709 1,87
January 3.71 0.567 2,06
February .00 0.876 2.03
March ll-95 107)-1 3.03
April 7429 2.71 ha3h
May 3.93 1.19 2.38
June 3.31 0,398 1.15
July 1.65 0,117 0.603
Angust 3,07 0.068 0.553
September 1,30 0.036 0,401
ANNUAL 2.h2 1.11 1.76

H. ¥I00DS OF RECORD

21, WNOTARLE FLOODS

Two notable floods, both aggravated by dam failures, have occurred
on Mahoney Brook, These two floods occurred on 19 March 1936 and 21
September 1938,

The flood of 19 March 1936 resulted from a combination of heavy
rain and melting snow. The total storm rainfall, March 16-19 at
Gardner was l;.60 inches. The associated direet runoff was about 7.2
inches, based on data for adjacent watersheds. (. S. Geological
Survey: W.S.P. 798 « "The Floods of March 1936; Part 1, New England
Rivers.m 1937. Table 13, p. 352). The dam at the Upper Wrights Reservolr
which is utilized as a highway and referred to as Whitney Street was washed
out, and increased the inflow into Wrights Reservoir. According to local
reports, this caused unusual outflow from Wrights Dam, ageravating down-
stream flood conditions.

13



The flood of 21 September 1938 resulted from torrential rains with
a total storm rainfall at Gardner of 14.52 inches. The runoff volume,
based on discharge records of Priest Brook near 'Jinchendon, was 9.3
inches total runoff in 7 days. Apain, the dam and roadway at the Upper
Reservolr was washed out. Some part of the flow from Wrights Reservoir
was diverted when the dike on the west side of the reservoir was over-
topped and washed out, shortcutting some flow into Baker Brook and
Ramsdall Pond. The embankment at Wrights Dam was also overtopped but
did not fail.

A smaller floocd occurred in October 1955, which was reported in
the local newspapers. High water data for 1936 and 193f floods were
taken from the publications of the Massachusetts Geodetic Survey: "High
Water Data; Flood of March 1936 in Massachusetts," and "High Water Dataj
Floods of March 1936 and September 1930." Flood elevations are plotted
on the profile, Plate L.

I. FLOOD FREQUENCIES

For the purpose of flood damage evaluvations, the flood plain of
Mahoney Brook was divided into several reaches. The downstream end of
each reach was at a hydraulic control such as a dam, culvert, or re-
strictive bridge. Discharge frequency curves were drawn for the several
reaches. Because there is no continuous record of discharges on Mahoney
Brook, use wag made of regional flood frequency correlations made by
Marmuel A. Benson of U, S. Geological Survey. ("Peak Discharge Related
to Hydrologic Characteristics in New England," Journal Boston Society
of Civil Fngineers, Vol. LB, Yo. 7; Jamary 1961 pp. LB~67.) Comparisons
were also made of flood-frequency curves computed from several nearby
stream gaging station records by Leo R. Beards method, with values com-
mted by Benson's regression equations. These comparisons indicated that
in order to reflect local flood experience adjustments should be made to
the regional values. The adjustments computed for Millers River near
Winchendon and Priest Brooks near Winchendon were averaged and applied
to Mahoney Brook. A stage-frequency curve was computed at each index
station from discharge-frequency and stage-discharge relations. The
stage-frequency curves were then adjusted on the basis of observed flood
heights in order to reflect the effects of debris, ice, and dam failures.

J. STANDARD PROJECT FLOOD
22, STANDARD PROJECT STORM

The standard project storm was determined as prescribed in the
Civil Works Engineer Bulletin 52-8, Subject: "Stardard Project Flood
Determinations.” The following tabulation compares maximum depth du-
ration data with that experienced at CGardner during the storm of 17-22
September 193E.
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Turation Maximum Depth in Inches

Standard Project Storm of

Hrs, Storm 17-22 Sentember 1938
3 7.1 3.5
6 9.3 5.2
12 10.6 7.1
2l 11.8 9.6
L8 13.3 12.3
72 13.9 13.6
96 1.2 1.2

23, TINIT HYDROGRAPHS

Unit hydrographs applicable for the standard project flood were de-
termined emperically and were based primarily on unit neaks and lag times.
The assumed unit peaks varied from 30 to 100 c.f.s, per square mile. The
lag times, in each case representing runoff primarily from land surfaces,
varied from 8.0 to 2.6 hours., The size of watershed subdivisions ranged
from 1.63 to 0.36 square miles.

2. STANDARD PROJECT FLOOD

Component hydrographs for the standard project flood were determined
by applying the standard project storm, less infiltration and other losses
to the applicable unit hydrographs. In the Greenwood Brook watershed, the
SPF inflow into Upper Reserveir was routed throngh the existing surcharge
storage to obtain the outflow. The dam would be overtopped and fzilure
would occur as it did in the floods of 1936 and 1938, Release of water
from the Unper Reservoir, plus local inflow, would cause the existing
Wrights Dam and dike on the west side to also faile The SPF on Mahoney
Brook at Wayside Dam would overtop and wash out the existing embankment.
Failure of these two dams would release stored waters into the center of
Gardner. The charmel of Mahoney Brook is inadequate to accomodate the
hishindeterminate discharges and there would be considerable inundation
and damage. The effects of improvements on the SPF are described in
Appendix C.

26, SPILLWAY MESTGN FLOOD

The spillway design flood for Wrights Reservoir was hased on nro-
bable maximum precipitation as given by Frdrometeorological Report No.
33, and minimum loss rates. Depth-duration data {for 10 square miles)
were 22.8, 25.2 and 27.3 inches for 6, 12, and 2}y hours, respectively.
The loss rate was 0.05 inches per hour. The rainfall excess amounts
were found to be 2.5 times those of the standard project flood. Assum-
ing the same unit hydrographs, the SPT hydrograph ordinates were multip-
lied by 2.5 to obtain the spillway design floed ordinates,
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K. PROJECT DESIGN FLOOD

The standard project flood was adopted for the project design flood.
In general, the improvements will be adequate to pass the standard pro-
ject flood without damage. The exceptions are the improvements in the
vieinity of the Chelsea Street Bridge, the bridges for South Main Street
and the Boston and MaineRailroad. The excessive cost of new bridges pre-
cludes providing channel capacity tc eliminate all damage during the
standard project flood. This subject is further discussed in Appendix C,
Hydraulic Nesign.

L. TFIOOD TAMAGTS AND ECONOMIC DEVELOPMENT
26, TEXTENT AND CHARACTER OF FLOODING

Gardner's start as an industrial community began in 1R05 with the
erection of its firet chair factory. It grew slowly at first but then
flourished when innovations were introduced which reveolutionized the
industry. By the early 1900's, plants mushroomed throughout the city
and Gardner became known as "The Chair City of the World."

Today, manufacturing still remains an important segment in Gardner's
economy, employing 5,040 persons, approximately 70 percent of the employed
population, with an annual payroll of #21,030,000. Almost half of all the
firms are still engaged in the manufacture of furniture and fixtures.
Other industrial activities include, production of toys, sporting and
athletic goods, fabricated structural metal products, and vending machines
and devices.

0f the 76 manufacturing plants in the city, 11 are located within
the flood plain of Pew, now known as Mahoney Brook and Foster Branch in
South Gardner. These plants, along with 11 commercial firms, and L2
residences, are susceptible to serious flooding. They employ about 685
people with annual payrolls of %2,700,000, The 1938 flood, the flood
of record, inundated approximately 115 acres in South Gardner with depths
of up to 7 feet of water. Property valuation in Gardner is presently
assessed at %32,800,000,

27, FLOOD DAMAGES

In the record flood of September 1938, LO residences, 11 industrial
firms, and 9 commercial establishments in South Gardner were seriously
damaged. Tons of water released from Wrights Reservoir, overflowed
Greemwood Brook and flooded buildings to depths 3 to 5 feet over first
floor levels. The industrial firms which lie along Mahoney Brook along
the reach from 'rights Reservoir to Ramsdall Pond sufferred the heaviest
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los=es. Raw and finished goods stored outside of the plants were washed
downstream and much of the stock within the buildings had to be discarded
becanse of water damage.

Two buildings were undermined and several sections of roadway washed
cut. One of the buildings, a five-story structure, was eventually torn
down., From records kept by city officials, and from interviews with plant
and shop owners, it is estimated that damapes amounted to %350,000,

28, RECURRTING AND PREVENTABLE LOSSES

4 vecurrence of the record flood heights of 1938 would cause damages
estimated at 1,050,000 under present economic conditions in South Gard-
ner. Construction of the project would eliminate #896,000 of these losses.

29, AVERAGE ANNUAL LOSSES

Stage loss data were summarized by reaches that have uniform hydrau-
1i¢ characteristics throughout. Recurring losses in each reach were con-
verted to average annual losses by correlation of stage-damage and stage-
freqguency curves to produce damage-frequency relationships in accordance
with standard Corps of Engineers vnractice. The average armual less in
the reaches of Mahoney Brook dovmstream from "rights Reservoir to Mill
Street is estimated at %2h,)00,

30, TRENDS OF DEVELOPMENT

Nardner, Massachusetts has been static, economically, for scme time
and there is little indication that there will be any noticeable change
in the near future. There is no reason to assume a demand for additional
space by either industrial or commercial interests in the flood rrone area
for some time to come, therefor, neither growth nor enhancement wag con=-
sidered in comnuting henefits. TData on population and economic trends in
Gardner are set forth in Appendix B.

31, FSTIMATE OF BONEFITS

Tlood damage prevention benefits for the South Gardner nroject,
derived hy determining the difference in annual losses under pre-rroject
conditions and those existing after project completion, amount to %15,000,
Details of the derivation of benefits are set forth in Apnendix B.
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M. EXISTING CORPS OF ENGINEERS FLOOD CONTROL PROJECTS

There are no existing Corps of Engineers flood control projects
within the City of Gardner or in the immediate vicinity. The nearest
flood control dams are located just north of Athol, Massachusetts on
the Millers River about 20 miles northwest of Gardner., These two dams,
Birch Fill and Tully, which are part of the Cormecticut River flood
control system, have no beneficial effect upon the nroject area.

N, TIMPROVEMENTS OF FEDERAL AND NON-FEDERAI AGEMCIES

There are no Federal or non-Federal improvements within the
‘miershed of Mahoney and Greenwood Brooks.

0, IMPROVEMENTS DESIRED

Several meetinss have been held with local interests to determine
the feelines of tovmspeople and local officials towards the proposed
plan of flood control. The citizens and manufacturers of the clty are
desirous of preventing future losses to the various industries along
Mahoney Brook and feel that the proposed plan, as outlined herein, will
adequately reduce future damage potential. Local interests have expres-
sed a willineness to fully cooperate on this nroposal for flood protec-
tion. Prints of letters giving the views of local interests are ineluded
in Appendix A of this report.

P. TLOOD PROBLEM AND SOLUTIONS CONSTDERED
32, FLOOD PROBLEM

The problem is one of general overflow of Mahoney and (reenwood
Brooks into an industrial area of South Gardner. Gardner is suscen-
tible to floods caused by heavy rains or a combination of heavy rains
and melting snow. The flood of record occurred during September 1938
at which time 11.52 inches of rain fell within a S-day period. Another
major flood occurred during Cctober 1955 when 8.3 inches of rain fell
during a h=day veriod. These 2 major floods caused various degrees of
damage to several industrial plants and residences along Mahcney and
Greerood Brooks and Foster Branch. Future occurrence of major floods
would cause probable dam failures and considerable damage to the area
without the protection afforded by the proposed project.

33, SOLUTIONS COMETDERED
Consideration has been given to all practicable methods of solving
the flood problem in Gardner. A plan for diversion of flood waters from

Mahoney Brook into Wrights Reservoir thence into Baker Brook was submitted
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in the Reconnaissance Report. In the light of subsequent detailed in-
vestigations this plan of protection was found more costly than the plan
as now recommended. Consideration of upstream reservoirs, as suggested
by the Soil Conservation Service, revealed insufficient flow reductions
for the cost incurred as well as unfavorable economic justification.

The most practical and economically justified solution to the problem is
the modification of Wrights Dam and Reservoir to provide floed control
storage, combined with channel improvements on Mahoney Brook.

Q. PROPCSED IMPROVEMENT

3lj, OENERAL DESCRIPTION

The project comprises L earth dikes, two of which include con-
crete spillways, construction of a crib wall, installation of several
culverts and removal of the remains of a small dam with appurtenant
channel improvement. Specifically the plan for flood protection will
provide for a new dam, spillway and outlet at the north end of Wrights
Reservoir; a flanking dike along the west shore of the reservoirs;
strengthening of the existing outlet structure at Wayside FPond on
Mahoney Brock; 2 pipe outlets at Upper Wrights Reservoir; widening and
deepening of Mahoney Brook at critical locations; and the removal of
several channel obstructions, Although the plan of improvement for
reservoirs are designed safely to pass the Standard Project Flood, in
other areas practical limitations prohibit degree of protection provided
to something better than record flood. The proposed work has been bro-
ken down into 7 work areas, a detailed description of which follows.

35, TPPER WRICHTS RESERVOIR

Tmnrovements at this location provide for the construction of two
R,C.C.M. pipes to supplement existing pipes under the causeway which
acts as a dam between Wrights Reservoir and the Upper Reservoir. As
indicated on Plate No. 7, the two arched pipes, sized 72" x L' will
have specially fabricated bitiminous coated flared end sections and
will be utilized only during periods of flood flows. The 1ip elevation
of the end section pipe is 1072 m.s.l. Fxisting pipes will carry nor-
mal flows from Upper Wrights into Wrights Reservoir.

36, WRIGHTS RESERVOIR

a. Dam and Cutlet Structure. Work on 'Wrights Reservoir, as in-
dicated on Plate 5, includes modifications to the existing dam and outlet,
and chammel work along Greenwood Brook, from its outlet to High Street.
The major feature of work provides for the construction of an earth dam
and dike, with a top elevation of 1076 feet above m.s.l. and a top width
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of 12'-0", The new dam will extend from high ground just east of the
Arcadia Plating Company to high ground on the west side. The embank-
ment will consist of an impervious earth fill core with a 6~inch layer
of seeded topsoil on the reservoir side. The downstream slope will have
a 6-inch layer of seeded topsoil. Both slopes will be 1 vertical on 2
horizontal.

Located approximately 310 feet from the easterly limit of dike is
the center line of a new spillway structure aligned so that a straight
channel may be constructed from it, to the existing bridge at High
Street. A 3 foot by 10 foot box weir with a rim elevation of 1065 m.s.l.
will maintain normal water levels. The crest of the 60 foot wide spillway
is § feet higher at elevation 1070 m.5.1l. A 27-inch pipe will carry flows
from the weir, through the spiliway into the outlet channel, The pipe
snvert at elevation 1060 m.s.l. will be 1 foot above the level of the
spillway outfall, and will permit lcwering of the pond. The existing
spillway will be utilized %o divert flow during construction and Jater
removed and filled.

The spillway abutments walls are designed as gravity type retaining
walls, 26 feet high and 2 feet thick, with a 2 foot batter at the base.
Both sides of the wall will have 20 foot lengths with an imbedment of 6
feet into the top of the earth dike. The wall will maintain a top eleva-
tion of 1076 m.s.l. for a distance of approximately 71-6" and then will
slope at 2 horizontal on 1 vertical to elevation 1070 m.s.1l. Spillway
design necessitates maintaining the wall at this elevation due to the
turbulance of flood waters as they pass out of the stilling basin. The
20 foot stilling basin section will have a 3 foot rectangular baffle on
the downstream end, with an invert elevation of 1059 m.s.ls. The exist-
ing stream to the High Styreet Bridge will be widened and improved.

b, West Side Flanking Dike. Tmprovement in this area provides for
an earth dike located on the west shore of “rights Reservoir about one-
half mile from the fore-mentioned dam spillway and dike., The dike will
prevent the short cutting and diversion of flow from Wrights Reservoir,
into Baker Brook and Ramsdall Pond, and thereby negating the effective-
ness of the new control and outlet structure at Wrights Dam. The dike,
with a top elevation of 1076 m.s.l. will De constructed of compacted
earth fill, with 6 inches of seeded topsoil on the reservoir slope and
6 inches of seeded topsoil on the Jandward stope, The dike, which will
terminate into high pround at either end, will have a 12 foot top width
and 1 on 2 side slopes.
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37. WAYSIDE DAM

Work at this location provides for the strengthening of an existing
roadway and contrel structure and the construction of 3 new pipe outlets
which will permit the passage of peak discharges from major floods.
Restoration of dam and outlet at this area is an essential component of
the project since its present design is not compatihle with proposed
design flows. The work site is located at the headwaters of Mahoney
Brook in the vicinity of Wayside Furniture Cowpany. An embankment sec-
tion will be constructed on the upstream side of the roadway with a top
elevation of 1073 m.s.l., and will tie into high ground near Route No.2
at its southerly end and into a hill on the north side of the pond,. (see
Plate Mo. 8) The pipe outlets will be bituminous coated corrugated
metal 72" x L' in diameter and approximately 70 feet long with flared
end sections for 2 of the 3 pipes. The third pipe will have a concrete
box inlet with stoplogs to permit lowering of the pond when necessary.
The flared end sections will have lip elevations of 1069 m.s.l. while
the downstream invert of all 3 vipes will be set at elevation 1064.8.
The drawdown inlet will have an invert elevation of 1066, Downstream
of the pipe the banks will be rock lined, and shaped to channalize flows.

38, CHANNEL IMPROVEMENTS

a. Mahoney Pond to Chelsea Street. Improvements at this location
provide for the construction of a concrete spillway, two earth spoil
dikes, channel excavation and realignment. The upstream dike, approxi-
mately LOO feet in length, will be about 5 feet high with a top eleva-
tion of 1055 m.s.l. The new spillway will have a crest elevation of
1050 mes.l. and have a width of }5 feet. Just downstream from the
spillway, the remains of an old concrete dam will be removed. The
present channel alignment downstream from the spillway will be altered
somewhat to permit smoother channel flows. This new course will require
excavation of a knoll on the left bank for a distance of about 100 feet
downgtream from the spillway, As indicated on Plate No. 9, the cut will
be zbout 13 feet at its deepest location. The chamnel will have a
bottom width varying from L5 feet at the spillway to 10 feet at Chelsea
Street. The total length of channel improvement for this reach from
spillway to the culvert is 6fS feet. Along the left bhank upstream of the
Synder Construction Company Building, a second dike, 250 feet in length,
will be constructed to channalize flood flows and prevent flooding of
adjacent buildings, A portion of the Synder Construction Building which
is built over the existing channel near the Chelsea Street bridge will
be removed,
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b. Quality Pad Company. “ork at this site provides for the removal
of the remains of a spillway at the Quality Pad Company and the removal
of a broken concrete post which hangs from a bridge over the spillway.
(see Plate 9.) The existing spillway crest is at elevation 1028.7 and
the downstream streambed at elevation 1022.4. The existing spillway will
be removed to a crest elevation of 1025, Some channelexcavation will be
necessary upstream of the spillway.

c. Boston and Maine Railroad Bridge. -The complex of the South Main
Street bridge and the Boston and Maine Railroad bridge comprises a serious
restriction to major flows. Reconstruction and realignment of the bridges
are desirable but prohibitive in cost. The only feasible improvement pro-
vides for the removal of the dumped material below the railread bridge and
construction of a retaining wall to hold the bank. A concrete pre-cast
crib wall approximately 12 feet high and 1L feet in length will be con-
structed at the northwest abutment of the Boston and Maine Railroad Bridge.

d. Dam at Traverse Street. Work in this location provides for the
removal of the partially destroyed Traverse Dam. The dam, located about
500 feet downstream of the Boston and Maine Railroad Bridge, has no pre-
sent use, Its removal will improve flow conditioms at the railroad bridge
by lowering the tailwater depth. The dam, compoged of mortared masonry
blocks, will be removed in such a manner so as not to undermine adjacent
gtruetures and buildings.

39, RELOCATION OF UTILITIES

The plan of improvement will not require the relocation of utili-
ties. There are no changes contemplated for existing sewer, water or
other drainage lines.

R. MULTIPIE~PURPOSE FEATURE

The Cardner Local Protection Project is designed primarily for flood
protection but does include a multi-purpose feature at Wayside Pond. A%
this location dike construction will insure stability to adjacent banks
and prevent the sudden washout of Wayside Dam and Pond; which 1s currently
ubilized =8 a waterfowl habitat. As indicated in Exhibit No. 5 of Appendix A
and particularly Paragraph 3 of letter dated 24 November 1961, the proper
maintenance of pool levels in this area is essential to this significant
wildlife resource.

S, RECRFATION DEVELOPMENT

The plan of improvement is solely for flood protection and contains
rorecreational features. The United States Fish and Wildlife agency, and
the Massachusetts Fish and Game Interests have expressed a desire and need
for fisherman access into Wrights Reservoir. Tt has been supgested by
these agencies that the new flanking dike at Wrights Reservoir be utilized
as an access road. The area is not particularly attractive for public use
at this time due to poor access and the absence of publicly owned land.
The project design permits inclusion of recreational features at a later
date if local interests so desiree.
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T. BSTIMATES OF FIRST COSTS AND ANNUAL CHARGES
0. COENERAL

Estimates of Federal and non-Federal first costs and anmual charges
are given in Table 5. These estimates have been prepared on the basis
that local interests would bear the cost of the following: removal of
building at Snyder Construction Company, and removal of Quality Pad Dam;
furnish all lands, water rights and rights-of-way necessary for project
construction; and to operate and maintain the project after completion.
Unit prices used in estimating costs are based on average bid prices for
similar work in the same general area., The prices are based on 1962
price levels and inelude minor items of work which are not separately
detailed in the cost estimates.

L1, TASIS OF COST TSTIMATES

Detailed cost estimates have been made upon the basis of a design
which would provide an economical and safe structure for the particular
site. FEstimates of quantities have been made upon the basis of neat
ontlines of the proposed designs and foundation requirements. Costs
were computed as outlined in the Corps of Engineers Engineering Manual
1120-2-1.04.

42, CONTINGENCIES, BNGINEERING, SUPERVISION AND ADMINISTRATION

To cover contingencies, estimates of construction costs have been
increased by 15 percent. The cost of future engineering and design has
been taken as 8.6 percent of the construction costs., The cost of super-
vision and administration has been taken as 7.0 vercent of the combined
construction and engineering costs,

L43. BASIS OF ANNUAL CHARGES

The estimates of ammual charges were based on the use of public
funds for the total investment over a perioed of 100 years. Federal
annual charges inelude 2.075 percent of the total investment for in-
terest and 0,179 vercent for amortization. Non-Federal annual charges
include l.0 percent of the construction investment with 0,081 percent
for amortization plus maintenance costs. The non-Federal interest
rate was determined after an investigation had been made of the borrowing
power and repayment ability of cities and towns in the Gardner area.
Maintenance charges were hased on the particular site conditions and
nrevious experience with similar projects.
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TABLE &

ESTIMATES OF FIRST COSTS AND ANNUAL CHARGES
TOCAL PROTECTION, GARDNER, MASSACHUSETTS
FIRST COST
(1962 Base)

FEDERAL
Unit

Ttem Quantity Unit Cost "~ Amount
Site Preparation 1 Job L.5. $ 8,500 (1)
Stream Control 1 Job L.S. 7,500 (1)
Excavation - Unclassified 10,000 c.Y. 2,00 20,000
Compacted Impervious Fill 12,000 c.Y. 3.00 36,000
Dumped Random Fi1l 6,000 c.Y. 1.50 9,000
Gravel Bedding 900 C.Y. £.00 1,500
Stone Slope Protection 1,700 C.Y. 10.00 17,000
Top Soiling and Seeding 10,000 S. Y. 1.00 10,000
Gravel Fill 1,600 c.Y. 3.00 )i, BOO
Concrete Spillway-Wrights

Reservoir 800 C.¥Y. 40,00 32,000
Concrete Spillway-Mahoney

Pond 80 CoY. 40,00 3,200
Concrete Abutment Wall-

Wrights Reservoir 370 C.Y. 60,00 22,200
Concrete Abutment Wall-

Mahoney Pond 80 C.Y. 60,00 L, 800
Concrete Pre-Cast Crib Walls 1 Job L.5. 1,800
72" x hiy" B.C.C.M.P. 1 Job L.5. 6,400
Gate Structure - Wrights 1 Job L.S. 5,000
Remove Quality Pad Co. Dam 1 Job L.S. 3,000
Remove Traverse Street Dam 1 Job L. S. 2,000
Miscellaneous Ttems 1 Job TiuSe 1,700

Total $199,400

Contingencies 30,600

Total Construction Cost $230,000

Engineering and Design 20,000

#250,000

Supervision and Administration 22,000
Total Estimated Federal First Cost 4272,000 (2)

(1) Includes costs for work at 7 different locations.
(2) Doez not include $50,000 for costs for pre-authorization studies.
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TARLE © (Cont.)

NON-FEDERAL
Ttem

72 x Lim B.C.C.M.P. Culverts with
Concrete Inlet at Wayside Pond

Removal Synder Building

Lands and Damages

Total Estimated Non-Federal First Cost
Total Estimated Project First Cost

ANNUAL CHARGES

FEDERAL

Interest (.02875 x $272,000)
Amortization (.00179 x $272,000)

Total Federal Anmual Charges

NON-FEDERAL

Interest (.02875 x $31,000)
Amortization (.00179 x $31,000)
Maintenance

Tax lLoss

Major Replacements

Total Non-Federal Annual Charges
Total Annual Charges

$7,810

190

$ 890

455
200

600

Benefit~Cost Ratio = $15,000 = 1.43 to 1.0

10,500

25

Sl Nl
$ 11,000
8,000,

12,000
# 31,000

$303,000

% 8,300

B 2,200

——

% 10,500
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U. ESTIMATES OF BENEFITS

Average annual flood damage prevention benefits, taken as the dif-
ference between average annual losses under existing conditions and those
losses remaining after construction, amount to #15,000. It is not anti-
cipated that the project will result in any increased utilization or
enhancement benefits. Details of the derivations of benefits are set
forth in Appendix B.

V. COMPARISON OF BENEFITS AND COSTS

Average anmal benefits for the Gardner Local Protection Project
are estimated at $15,000 and average anmal costs are estimated at
%10,300. The resulting ratio of bemefits to cost is 1.45 to 1.0,

W. PROJECT FORMULATION ANT) ECONOMIC JUSTIFICATION - -

The Division Engineer finds that past floods have caused substan-
tial damages to the lands and existing structures along Mahoney and
Greenwood Brooks in Gardner. He concludes that a plan of improvement
consisting of a new dam, spillway and outlet at the north end of Wrights
Reservoir; a flanking dike along the west shore of the reservoir;
strengthening of the existing outlet structure at Mahoney Brookj; 2 pipe
outlets at Upper Wrights Reservoir; widening and deepening of Mahoney
Brook at eritical locations; construction of a crib wall, and the re-
moval of several channel obstructions would provide the maximum prac-
ticable degree of protection for this area against future flooding.
Project formulation resolved itself into one plan of protection which
had not only economic justification but also afforded construction
feasibility and compatibility with existing improvements in the area.
Protection can be provided most suitably by the plan as submitted
herein for approval.

The major feature considered in the formulation of various alternate
plans of protection concerned improvements in the vicinity of the exist-
ing ocutlet to Wrights Reservoir. Failure at this critical area could
result in the sudden release of large volumes of water which could scour
ont several establishments along Mahoney Brook, incurring extensive damage
and possible loss of life, The strengthening and reconstruction of the
Wrights Reservoir Dam, and the outlet structure at Wayside Pond will
prevent such an occurrence. Other improvements are largely influenced
by existing structures that economically and nractically limit the scope
of feasible work.

Total project costs of the recommended vlan are estimated at %305,000
exclusive of pre-authorization costs of %50,000, of which $285,000
represents the Federal share and %$20,000 the non-Federal share. The plan
of protection will yield average annual benefits of $15,000 as against
arnual costs of 10,300, vroducing a benefit-to-cost ratio of 1.15 to 1.0,
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During the development of the recommended plan of improvement,
consideration was given to the protection of the Bents Brothers Company
property situated downstream of Bents Pond. The construction of a new
concrete flume, and a bascule gate with appurtenances, replacing exist-
ing sluice gates that are owned and operated by Bents Company was in-
cluded in the plan of protection. These protective measures would have
incurred an increase in project cost of #120,000, $70,000 non-Federal
and 450,000 Federal. However, plant officials, during subsequent requested
conferences, questioned the need for protective works in this general area.
They indicated further that in the past, warning and extensive sand-bagging
of openings in their bmildings located along Winter Street, "holds water
in plant buildings to minimum elevations which cause little damage."

Plant officials stated, both the 1936 and 1938 flood”effects at Bent
Brothers Company were due to surges from failures of Upper Wrights Pond;
and rectification of this condition would be all the protection warranted
for Bent Brothers. As a result of our meetings senior plant officials
requested revision downward of previously provided damage data. In light
of this revised information the construction of protective measures was
then found unjustified.

In letters to the Mayor of Gardner, it was stated that from a hydro-
logic viewpoint, this firm could be subjected to flood conditions. The
nproposed protective works for Gardner are independent of any improvement
at Bent Brothers Company. .

X. SCHEDULES FOR DESIGN AND CONSTRUCTION

Wi, DESTGN

Tt is estimated that preparation of contract plans and specifications
for the rroject can be completed in 6 months after approval of this report.
The estimated cost is %20,000,

L5, CONSTRUCTION

Construction of the project can be accomplished under a single
contract to be completed in a 10-month period. Funds for the construc-
tion of the rroject would be requested upon evaluation of bids re-
ceived.

Y. OPERATION AND MAINTENANCE

Maintenance of this project will be the responsibility of local
interests., Periodic inspections will be made to assure that adequate
maintenance is performed in accordance with regulations prescribed by
the Secretary of the Army. It is estimated that maintemance of the
project will cost local interests B30 annually. An operation and
maintenance manual will be provided to the City of Gardner upon com-
pletion of the projects
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7. 10OCAL COOPFRATION

In accordance with Public Law 87-87L, local interests would be re-
quired to provide without cost to the United States, all lands, easements
and rights-of-way necessary for the construction and operation of the
project; hold and save the Tnited States free from damages due to con-
strnotion work; and maintain and operate all the works after completion
in accordance with regulations prescribed by the Secretary of the Army.
The responsibility for furnishing disposal areas for excavated materials
not used in the project and for the modification and removal of bridges
and relocation of utilities would rest with local interests under the
requirements of lands, easements, and rights-of-way. Removal of portion
of the Snyder Construction Company building which now spans Mahoney Brook,
presenting an obstruction to major flood flows, will be accomplished and
paid for by local interests. Tocal interests would also be required to
furnish the added assurance that they would contribute to the United
States all necessary funds over and above the Federal cost limitation of
41,000,000, State and town officials have indicated a willingness %o
fu1fi1]l conditions of local cooperation. A letter from the Mayor of
Gaprdner which constitutes preliminary assurances is included in Appendix
¢ of this report.

Tn the areas where easement takings are rot required for construc-
tion of project features, the City of Gardner will establish ordinances
to prevent further encroachment in the natural flood plain of the stream.
This will be accomplished by the establishment of a flood way which is
defined as the area within 25 feet of the centerline of the stream., The
restrictions in the flood way, which is reserved for the vassacze of the
design flood, will include the following: (1) no new construction of any
type will be permitted, and (2) existing hazardous structures will be re-
moved when obsolete.

Tn addition, and as a condition of the project, local interests will
establish channel lines within the 1limits of the improvement satisfactory
to the Corps of Enrineers., These channel lines which will be located be-
vond the line which establishes the floodway area noted above, will insure
that any future building or development will be erected at a safe eleva-
tion o minimize futnre damages from a major flood. The elevation of the
design flood is considered to be a safe elevation for this purpose. There-
fore, any future development between the floodway and the channel lines can
be permitted provided that the buildings are "flood-proofed" to at least
the design flood elsvation.

AA. COORDINATION WITH OTHER AGTNCIES

Plans for local protective works in Gardner have been reviewed by
officials of the City of Gardner and the Commonwealth of Massachusetis,
The project has no effect on hydro-electric power generation, recreation,
pollution abatement, fish migration or other collateral water resource
18es.
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RB, CONCLUSIONS

Investigations and studies for the local protection pfoject covered
by this report lead to the following conclusions: -

a. The City of Gardner faces the threat of heavy damages in future
floods. A recurrence of the flood of record would cause damages of
#5980, 000,

b. The desires of local interests are for the highest form of pro=-
tection that can be provided to their principal industries and thereby
secure the economic base of the City.

¢. Protection can be provided most suitably by the proposed plan
at a Total estimated Federal first cost of #2685, 000,

d, The project is economically justified by the ratio of annual
benefits to anmual costs of 1.h5 to 1.0

8. The threat of recurring damaging floods makes it desirable to
construct the project as soon as possible. ¢

CC, RECOMMENDATIONS

Tt is recommended that the project, as submitted in this report,
be authorized by the Chief of Engineers under the provisions of the Flood
Control Act of 1918, as amended, and that additional funds be allotted in
the amount of 20,000 for preparation of plans and specifications. Tunds
for construction will be requested upon receipt and analysis of bids forms
construction.
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Exhibit No.

1

APPENDIX A

LETTERS OF CONMCURRENCE AND COMMENT

Apency

City of Gardner, Massachusetts
Approval of City Council

. S. Department of Agriculture
So0i1 Conservation Service

U. S. Department of Agriculture
Soil Conservation Service

U. S. Department of Agriculture
Soil Conservation Service

1. S. Department of the Interior
Fish and Wildlife Service

U, S. Department of the Interior
Fish and Wildlife Service

U. S. Department of the Interior
Fish and Wildlife Service

Letter Dated

NMovember 2%,

August 22,

October 19,

May 7,

November 2L,

July 10,

August 2L,

1960

1961

1961

1962

1961

1962

1962



PRESIDENT
EDWARD W TAMULEN

COUNCILLORS AT LARGE
ULRIC ©. FREDETTE

ARNOLD E LUCAS

ROSAIRE J ST JEAMN

ATTY LOUIS SCERRA

JOHN # SULLIVAN

DR TOIVO THIHONEN

WARD COUNCILLORS
WARD

CLARKE K. STEDMAN
WARD 1

EDMOND GAUTREAU
WARD 3

CLARENCE J CORMIER
WARD 4

GUY R SHARRON
WARD 3

EDWARD W TAMULEN

CITY OF ¢ .RDNER

MASSACHUSETTS

OFFICE OF
CiTY COUNCIL

Qe OLTY § oF THE wWomLO

November 25, 1960.

Brig. Gen. Alden K. Sibley
U. S. Army Division Engineer
424 Trapelo Road

Waltham, Mass,

Dear Sir:

Enclosed 1s a copy of the Council vote
expressing 1its willingness to go along with measures
for flood preventlon at Pew and Nigger Brooks in
Gardner.

The action was taken at the regular

meeting of the City Councll on November 21, 1960

and approved by Mayor Landry.
Very truly yours,

{Miss) Genla J. facocha
City Clerk.

EXHIBIT NO. 1



APPROVAL OF PEW AND NIGGER BROOKS
PFLOOL CONTROL PROJECT

VOTED: That the City Council go on record as
favoring and willing to go along with
a Pederal Flood Control Project at

Pew and Figger Bxooks in Gardner,

pEW A NYUOAEBROOKS

FLOOD CONTROL PROJECT
GARDNER, Mass,

In City Gouncil
Nov, 21, " 60
Vots Passed Nov. a1, o 60
Presested to Mayor for approval
Nov, 23, 60
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

29 Cottage Street, Amherst, Massachusetts

August 22, 1961

Mr. John Wm, Leslie

Chief, Engineering Division
U. S. Army Engineer Division
424 Trapelo Road

Waltham 54, Massachusetts

Dear Mr. lLeslie:

We have reviewed the two plans for a proposed local flood protection
project at Gardner, Massachusetts outlined in your letter of July 26,
1961. Because there was no specific data submitted, our comments
necessarily will be very general.

An examination of the U,S5.G.S. Topographic Quadrangles indicates

that a system of small detention reservoirs should also be considered.
There appear to be several reservoir sites available that could effec-
tively control a large part of the drainage area above the damage
center, We feel that a plan of stream channel improvement or diver-
sions, and a plan of a system of reservoirs should both be studied to
determine their relative merits in meeting the objectives of the local
people.

I should like to suggest that personnel from both agencies get together
to consider the proposals in greater detail. We would then be in a
position to make comments and determine what assistance we could offer.
We would be able to schedule a joint review sometime after the middle
of September,

Sincerely yours,

S Ghat g e

e

Benjamin Isguy),
State/ Conservitionist.

EXHIBIT NO.
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UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
29 Cottage Street, Amherst, Massachusetts

October 19, 1961

Division Engineer

New England Corps of Engineers
424 Trapelo Road

Waltham 54, Massachusetts

Attention: Chief, Engineering Division
Dear Sir:

Mr. Mills and Mr. McLaren of my staff reviewed your
proposals for Pew Brook at Gardner, Massachusetts, on
September 25, 1961. From the material available it
appears that a feasible project could be developed

under the authorities available to either of our
agencies. Unless we receive an application from the
local interests we will not be officially concerned with
this project.

As was mentioned in my previous letter to you, it is

felt that a system of reservoirs should be given serious
consideration. The solution of the flood control problem
by the use of reservoirs would afford flood protection
and would afford an opportunity for the development of
multiple-purpose structures in the watershed. We shall
be glad to cooperate in any way we can.

Sincerely yours,

Ben jam Isgur
state ConservatIonist.

EXHIBIT NO. 3



UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

29 Cottage Street, Amherst, Massachusetts

May 7, 1962

Mr. John Wm. Leslie

Chief, Engineering Division
U. §. Army Corps of Engineers
424 Trapelo Road

Waltham 54, Massachusetts

Dear Mr. Leslie:

Thank you for your letter of April 19, 1962, regarding the pro-

posed flood control project on Pew Brook in Gardner, Massachusetts,

I have no additional comments to those made in my letters of

August 22 and October 19, 1961.

Sincerely yours,

I
'/ Dt n

Benjamih Lsgur
State Conserva nist.

Growth Theough Apicolursl Pregrass EXHIBIT NO. 4



NORTHEAST REGION

UNITED STATES (REGION 3}
DEPARTMENT OF THE INTERIOR MAINE
- FISH AND WILDLIFE SERVICE NEW HAMPSHIRE
Ty ¢ BUREAU OF SPORT FISHERIES AND WILDLIFE NEW YORK
ADDRESS ONLY THE 59 TEMPLE PLACE VERMONT
REGIONAL DIRECTOR BOSTON, MASSACHUSETTS PENNSYLVANIA
MASSACHUSETTS
NEW JERSEY
Novembar 24, 1961 RHODE ISLAND
DELAWARE
CONNECTICUT
Division Engineer WEST VIRGINIA

New England Division

U. 8. Army Corps of Engineers
L2, Trapelo Road

Waltham 5L, Massachusetts

Dear Sir:

Reference 13 made *o your letter of July 29, 1961 tranamitting to this office
the plans you are considering for the local flood protectlon project at Gardner,
Massachusetts, and in which you solicit comments from this office on the

effect of the project on the fish and wildlife resources. This letter
constitutes our conservation and development report on the project and has

the concurrence of the Massachusetis Division of Fisheries and Game.

Tt 1s our understanding that 2 plans of improvement are under consideration.
One plan would provide for the diversion of Pew Brook to the south, thereby
bypassing the industrial area of South Gardner. This plan would require a
con-rol structure at Route 2 that would permit flood waters from Pew Brook to
ert.~* a channel and flow into Wright's Reservoir, and a sluiceway on the
western shore of the reservoir that would convey overflow westward into Baker
Prook thence into Ramsdell Pond and the Otter River. The plan would also
require recenstruction of culverts at I roads and one railroad crossing as
well as the reconstructlion and modification of 3 privately owned dams. An
alternate plan would require the widening of the existing Pew, Nipger, and
Foster Brook channels to Mill Street.

Fishery values invelved are low. However, the area within the influence of

the projeet includes a considerable amount of waterfowl habitat which is
dependent upon the impounded shoal watersin Pew Brook, Wright's Reservolir. and
Ramsdell Pond being maintained a+ their present, normal levels., Your plan

as prezently proposed does not indicate that you are considering maintaining
these impoundments at a lower level, but we wish te call to your attention

that lowering levels in these areas would result in significant wildlife losses.

Wright's Reservoir is a Massachusetts Great Pond to which there is no public
acemzz, The Massachusetts Division of Fisheries and Game has an interest in
managing the reservolr fishery but until public acesss is provided no fishery
managemer.’ program can be initiated. It 1s felt that minimum public access

EXHIBIT NO 5



aauid Y Trovidad as an ireldertal prolect herszfilt wish no additional cost
by warely kssping iz mind such access as the firishing work 1s belng
soarslished elther at the proposed slulceway on the western shore of the
rageryoim or &% the reservolr dam whish would ke recomstructed. This
vegervolr would atirac cnly the local residents and it 1s not expected
that any heavy use prcokliem would ariee from this minimum access. Should
the local pesple dssire mors elaborate access &s the projlect plan develops,
such access would ne negntiated for at local level. The Massachusetts
Divisior. of Ftsharizs ari Jame would assist in such negotation. The access
featuss would, of course, bs contingent upon local approval and acceptance

of +his diversioc plan for fleood protection.

Your pians of improvemert as rresenily envisioned wculd have no detrimental
effect on the fish ard wildlife resources, and no further report om this
project from this agency 1s consldered necessary. Should you change your
plans, however, to include mairtalning the impoundments at & lower level,
we would appreciatz belog rctified iz order that a new fish and wlldlife

repors may b2 poepared.
Thank you for the cpportunity to report on this project.

Sincerely yours,

D ot —

R. P. Rcone
Acting Regloral Director



NORTHEAST REGION

UNITED STATES (REGION 3)
DEPARTMENT OF THE INTERIOR MAINE
FISH AND WILDLIFE SERVICE NEW HAMPSHIRE
BUREAU OF SPORT FISHERIES AND WILDLIFE NEW YCORK
ADDRESS ONLY THE 5% TEMPLE PLACE VERMONT
REGIONAL DIRECTCOR BOSTON, MASSACHUSETTS PENNSYLVANI|A
: MASSACHUSETTS

NEW JERSEY
RHODE ISLAND
DELAWARE
CONNECTLICUT
WEST VIRGINIA

July 10, 1962

Division Engineer

U. S. Army Corps of Engineers
New England Division

424 Trapelo Road

Waltham 5h, Massachusette

Dear Sir:

Your letter of April 19, 1962 informed us that your original plans for

locel protection at Gardner, Massachusetts, had been revised. The fish and
wildlife conservation and development report which we sent to you on November
2h, 1961, was based on your original plana. This letter is a supplement to
the earlier report and considers the fish and wildlife aspects of your new
plans. It was prepared under the authority of the Fish and Wildlife Coordina-
tion Act (4B Stat. 40l, ms amended; 16 U.S.C. 661 et seq.), in cooperation
with the Massachusetis Division of Fisheries and Game. It has the

concurrence of that agency as indicated in its letter of July 9, 1962.

Tt is our understanding that your new plan of ilmprovement at Gardner
consists of a modification to Wrights Dar and Reservoir with downstream
channel improvements on Nigger Brook and Pew Brook. This plan would provide
for a new dam, spillway, and outlet at the north end of Wrights Reservoir,

a flanking dike along the west shore of the reservoir, strengthening of

the existing outlet structure at Pew Brook, widening and deepening of Few
Brook at critical locations, and the removal of several channel obstructions.

The impounded waters of Pew Brook and Ramsdell Pond would be maintained at
their present normal levels. However, the impounded water level on Wrights
Reservoir would be altered slightly and possibly become somewhat more
stabilized by the newly proposed plan of improvement. The channel work

envisioned in your new plans would have no detrimental effect on the fish
and wildlife resources.

In our conservation and development report, we stated a need for public
access to Wrights Reservolir and suggested that minimum access could be
provided as an incidental project benefit. In his letter dated Juae 1k,
1962, M». Leslie of your staff advised us that under provisions of Public

EXHIBIT NO. 6



Law 685, lands and rights-of-way required for construction, maintenance, and
operation are provided by the City and that ownership of land and control of
completed works would rest with the City. For these reasons, the Federal
Government would have no control of access into the area. Mr. Leslie also
gsuggested that Game interests discuss the access feature with City officials.

In checking into the matter of water righta in Wrights Reservoir, 1t has been
found that these rights are controlled by Arcadia Manufacturing Company, Inc.,
of Gardner. Initial contact with this company indicates that it discourages
fisherman-use of the reservolr.

If water rights are to remain vested in Arcadia Manufacturing Company, Inc.,
following project completion, favorable consideration of access facilities
appears unlikely, although we would hesitate to say it could not be brought
about. If, however, the City is going to acquire the water rights as a result
of the local protection works, then a meeting to discuss provisions for
fisherman access would be desirable.

We would appreciate your advising us as to the future status of the water
rights at Wrights Pond. If the City of Gardner is going to acquire the
rights, we will then arrange to meet with your staff, City officials, and
Massachusetts Division of Fisheries and Game personnel to discuss access
facilities.

Sincerely yours,




UNITED STATES NORTHEAST REGION

(rEGION 3)
DEPARTMENT OF THE INTERIOR MAINE
FISH AND WILDLIFE SERVICE NEW HAMPSHIRE
. BUREAU OF SPORT FISHERIES AND WILDLIFE NEW YORK
ADDRESS ONLY THE 58 TEMPLE PLACE VERMONT
REGIONAL DIRECTOR BOSTON, MASSACHUSETTS PENNSYLVANIA
MASSACHUSETTS

NEW JERSEY
RHODE ISLAND

August 2, 1962 DELAWARE
CONNECTICUT

WEST VIRGINIA
Division Engineer

U.S. irmy Engineer Division, N.E.
Corps of Engineers

12}y Trapelo Road

Waltham 5, Mass.

Dear Sir:
Thank you for your letter of August 22, 1962 concerning your

local flood protection project at Gardner, Mass. We appreciate

the efforts you have made in regard to the subject of public
aCcCces3S.

Sincerely yours,

1IR0#:)

nio Abblati, Acting Chief
Division of Technical Services

EXHIBIT NO. 7
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APPENDIX B

FI1O0D LOSSES AND BENEFITS

1. DAMAGE SURVEYS

A detailed damage survey was made in early 1961 to determine the
extent of damage that would be sustained in South Gardner under current
condidions in a recurrence of 1938 flood stages. In addition to ob-
taining losses for the 1938 flood crest, sufficlent data was gathered
to derive losses for stages 3 feet higher, the stage where damage be-
gins, and intermediate stages where marked increases in damage occurs.
The damage survey consisted essentially of door-to~door interviews and
inspections of the residential, commercial, industrial and other pro-
perties affected by flooding. The recorded information included the
extent of the areas flooded, description of properties, nature and
amount of damages, depth of flooding, high water references and rela-
tionships to prior flood stages. Generally, damage estimates were
furnished by property owners or tenants. Investigators used their own
judgement in modifying these estimates and also made estimates where
owner or tenant estimates were not available. Sampling methods were
used where properties of the same general type were subject to the same
depth of flooding.

2. LOSS CLASSIFICATION

Flood loss information was recorded by type of loss and by loca=
tion. Loss types used were industrial, urban (commercial, residential,
public), highway, railroad and utility., Primary losses were evaluated
including (1) physical losses, such as damages to structures, machinery
and stock, and the cost of cleanup and repairs, and (2) non-physical
losses, such as unrecoverable loss of business and wages, cost of tempo-
rary facilities and increased cost of operation. The primary loss
resulting from physical damages and a large part of the related non-
physical loss were determined by direct inspection of vproperty and
evaluation of losses by the property owner and field investigatorse.
here non-physical portions of primary losses could not be determined
from available data, estimates were based upon relationships between
physical and non-physical losses for similar properties in the area,

3. TFLOOD DAMAGES
According 4o information gathered from state and municipal offi-

cials, and interviews with plant engineers, merchants, and local
inhabitants, properties located within the flood plain of Mahoney Brook

B-1



and Foster Branch in South Gardner have been subjected to flooding in-
termittently for the past 50 years. The most serious flood recorded
occurred in September 1938 when over 1lh inches of rain fell in a Cwday
period, Flooding began when the earth dam at the north end of Wrights
Reservoir was overtopped, pouring water into Greenwood and Mahoney
Brooks. A building north of the dam, occupied by the old Arcadia Ball-
room, was flooded to depths 3 feet over the first floor. In front of
the building, a portion of High Street was scoured out. Downstream,
river stapes some 3 feet above river banks reared through the basement
floor of the old Mahoney Plant, upsetting raw and finished goods and
overtopping expensive machinery. A warehouse to the rear of the plant
was undermined and eventually torn down. At Chelsea Street, flood
waters ponded behind a clogged culvert, then broke through, gougling out
a vart of the roadway and undermining a S-story building. Directly be~
low this failure, a 3-story building lost L0 feet of its foundation.

Tt was in this vieinity that several thousand chairs washed away to jam
at other narrow restrictions downstream.

At South Main Street, beyond the confluence of Mahoney Brook and
Foster Branch, floating debris fastened itself at the railroad bridge,
damming the water and causing flooding of homes, businesses, and the
production floor of the Denny Manufacturing Company plant. At Bents
Pond, water overtopped Winter Street and flooded around the buildings
of the Bents Brothers Manufacturing Company. Several thousand board
feet of lumber were washed into Ramsdall Reservoir. Some spilled over
the dam and jammed at the Mill Street culvert, forcing floodwaters into
the basement floor of the Ramsdall Mill., Fventually, Mill Street gave
way to the force of the ponded water. In addition to the physical
losses in the plant areas, the flood forced the shutdown of production
and bnsiness operations for several weeks. It is estimated that total
damages cansed by the 1938 flood in South Gardner amounted to #$350,000.

l,. RECURRING AND PREVENTABLE LOSSES

Stage damare curves, referenced to the peak elevations experienced
during the September 1938 flood in the various reaches, were developed
to reflect the magnitude of recurring losses of stages gbove and below
the reference flood., The recurring losses used in development of the
stare damage relationship reflect economic and physical changes since
the 1938 flood. A recurrence of 1938 flood stages would cause damages
of $1,050,000 in South Gardner under current conditions. Construction
of the proposed local protection project would eliminate %896,000 of
these losses.
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5, AVERAGE ANNUAL LOSSES

Stage loss data was summarized by reaches that have uniform hy-
draulic characteristics throughout, Recurring losses in each of the
S reaches were converted to average annual losses by correlation of
stage damage and stage frequency curvea to produce damage frequency
relationships in accordance with standard Corps of Engineers practice.
The average annual loss in the reaches of Mahoney Brool: downstream of
Wrights Reservoir to Mill Street is estimated at $24,400. Plates B-1
and B-2 show procedures used in converting recurring stage damage data
to curves of damage frequency for a typical reach,

6, TRENDS OF DEVELOPMENT

Gardner, Massachusetts has been a static community economically for
the past 3 decades., While bthe State of Massachusetts and Worcester
County have experienced growth comparable to that which has taken place
nationally, Gardner has had difficulty holding its owm., Analysis of
population, manufacturing, and retail trade statistics and projection
by national and regional agencies leads to the conclusion that addi-
tional growth in the area will be slow in coming. Inspection of the
area affected by flooding and to be benefited by contemplated protective
works reveals an already developed urban area. Industries, commercial
establishments, and residences occupy practically all of the flood area,
There has been little change in the area in a 30-year period. Community
efforts to attract new investment and enterprise are devoted to sites
ountside the flood area. The relationship of the Gardner population,
manufacturing and retail trade statistics are shown on Table I. Trends
in Gardner considered in light of trends in other areas and availability
of other more desirable lands for development, leads to the conclusion
that growth in the project area will be negligible during the project
life. Further, provision of flood protection will reduce the recurrence
of flood damages without erhancing the value of any vacant lands in the
project area,

ESTTMATES OF BENEFITS
7. FIOOD PREVENTION BENEFITS

Flood damage prevention benefits for the South Gardner project were
derived by determining the difference in annual losses under pre-project
conditions and those existing after project completion. The South
Gardner local protection project would reduce the average annual losses
in the damage reaches from $2,L00 to $9,100 resulting im average anmmal
benefits of $15,000, Benefits were not computed for floods greater than
the design flood which has a probability of occurrence of once every
200 years, Derivation of benefits for a typical reach on Mahoney Brook
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TABLE I

GARDNER, MASSACHUSETTS

1930 1940 1950 1260 126§ 1970
Gross National Product (#National Planning
(millions of dollars) 91,105 100,618 284,599 504,400 630,000# ?90,000# Association Projec=-
tions)
National Population 122.8 131.7 150,7 179.3, 196,0F 214,0f
(millions) 169 .4 176.3" 183.2"% (*NENYIAC Project)
Massachusetts Population
(thousands) u249 .6 4316.7 4690.5 5148,€
Gardner, Massachusetts
Population (thousands) 19,1399 20,206 19,581
VALUE ADDED BY MANUFACTURE 1939 1947 1954 1958
Massachusetts thousands of (Actual dollars) $1,181,465 $3,370,004 $4,356,462 $5,188,706
Massachusetts thousands of (1939 dollars) 1,181,465 1,685,000 1,815,000 1,922,000
Gardner, Mass. thousands of (Actual dollars) 13,039 36,712 26,946 27,980
Gardner, Mass. thousands of (1939 dollars) 13,039 18,355 11,228 10,363
RETAIL SALES 1939 1948 1954 1958
Massachusetts thousands of {Actual dollars) $1,737,680 $4,302,147 $5,539,100 $6,241,867
Massachusetts thousands of (1939 dollars) 1,737,680 2,151,000 2,308,000 2,312,000
Gardner, Mass. thousands of (Actual dollars) 8,235 20,855 22,304 23,699

Gardner, Mass. thousands of (1939 dollars) 8,235 10,428 9,310 8,777



are shown on plates B-1 and B-2. In addition to preventing tangible
losses, the local protection project would produce intangible benefits
through reductions of hazards to life and health connected with serjous
flooding, It would also contribute to the local economy through the
prevention of production and business interuptions.
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APPELTIX C

HYDRAULIC DESIGN

1. GENERAL

As a large part of the damages experienced in 1936 and 1938 were
attributed to the effect of dam failures, the strengthening and re-
construction of dams are desipgned to pass the standard project flood
without overtopping, and in the case of Wrights Dam, to pass the
spillway design flood with one foot of freeboard. Other improvements
are-larpgely influenced by exdsting structures that econonically and
practically limit the scope of feasible work. Hence the degree of
proteciion provided by channel inproverent varies in different locali-
tiesg, but the limitinz conditions in one reach generally will not
ai'ect the protection provided in adjacent sections.

2. UPPER NESERVOIR

Following failure of the dam in 1938, an ungated lii-inch diameter
culvert and a pated Lfi-inch diameter culvert was installed throush
the dam to provide additicnal discharre capacity. This was an im-
nroverent cver the original structure, but twoe additicnal 72-inch
by li=inch pipe arch culverts will be installed through the dam. The
three unpated culverts will pass the standard project flood with a
total discharge of L15 cfs. The reservoir will rise 6.2 feet to ele-
vation 1075.2 which leaves 2., feet of freeboard to top of dam at
elevation 1077.6. A flood greater than the SPF could produce over-
teopring and fallure of the dam, but as discussed in the following
para:srapns concerning reconstruction of the UWrights Dam, the released
waters would be contained in Wriecnts Reservoir.

3. WRIGHTS RE3SERVOIR

a. eneral. ‘The precposed reconsiruoction of Wrights Dam will
incrsase the storage capacity of the reservoir o as to make it
useable for flood contrel. It will also provide protection against
possible failure by overtopping of the existing dam.

b. Storage Capacity. The Tlood control storage capacity which
can be provided econorically in Wrights Reservoir is limited Ly other
water uses and by improvements adjacent to the reservoir. 7The water
level in the reservolr cannot be lowered below elevation 1065 feet,
msl, without seriously affecting its value for recreation and wildlife,
With spillway at elevation 1070, the flood control storage capacity will
be 050 acre-feet, or about 5,1 inclies of runoff. The area and capacity
curves are shown on Plate 1l.
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c. Spillway. The spillway, having a crest length of 60 feet,
was designed to pass a spillway design flood. Presumably the dam
at Upper Reservoir would overtop and fail during a spillway design
flood, However, failure of this dam, with Wrights Dam raised,
would not be disastrous. The water level in Upper Reservoir would
fall a foot or two and raise Wrights Reservoir until the two bodies
of water acted like a single reservoir. To simplify the routing
computations, it was assumed that inflow to Upper Heservoir would
be passed urmodified into Wrights Reservoir. The flood was routed
through the reservoir, starting with the reservoir full with the
outlet inoperative. The maximum surcharge was 5,0 feet. The shape
of the upstream face of the spillway is shown on FPlate 5. The
shape of the crest is the standard shape for high ogee spillways
shown in EM 1110-2-1603, Figure 1, page 6. The design head is 5
feet., Discharge coefficients were determined from EM 1110-2-1603,
plate 6, The rating curve is shown on Plate 1h.

d. Freeboard. Because of the magnitude and character of the
project, a freecoard of one foot on top of the maximum surcharge
of the spillway design flood is considered adequate. The top of
dam is therefore selected at elevation 1076.0.

e. BStilling Basin. DBecause of ercdible material in the dis-
charge channel a stilling basin will be provided. The apron will
be at the level of the existing stream bed, elevation 1058.0 feet,
with an end sill at elevation 1062.0. The length of the basin
(20 feet) was determined from "Design of Small Dams", Bureau of
Reclamation, Figure 206, page 296,

f, Outlet. Criteria for the design of the outlet are as
followss

(1) Tt should pass normal flows with use of bul a small
portion of storage capacity of the reservolr.

(2) It should be sized to obtain the optimum reduction in
flood flows downstream.

(3) It should empty the reservoir within a reascnable
length of time after a flood,

(i} Tt should maintain a permanent pool.
(5} It should provide for drawing down the permanent pool

if necessary.
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The outlet will be a 27-inch reinforced concrete pipe, invert
elevation 1060.0 feet, through the concrete ogee spillway. A weir
at elevation 1065.0 feet, with an effective length of 16 feet, will
maintain the permanent pool. A 24" by 2l'gate, sill elevation 1060,0
will be provided to draw down the pool if necessary. The capacity of
the outlet, with the pool full to spillway crest, will be 78 cfs.
The outlet will evacuate a full pool in Wrights Reservoir, plus simi-
lar storage in the upstream ponds, in about 11 days.

g. Standard Project Flood, The effectiveness of Wrights
Reservoir was tested with the standard project flcod {see paragraph
2.). The SPF inflow to Wrights Reservoir was obtained by deter-
mining the local perimeter flow and adding the discharge from the
Upper Reserveir, and the instantaneous equivalent inflow of the
rainfall falling on the water surface. The total inflow was routed
through the surcharge to obtain the maximum reservoir stapge and the
outflow. The results of the routing, shown on Plate 1l indicate a
maximum pool at elevation 1071.2, and a combined spillway and out-
lTet discharge of 335 cfs. Although an appreciable spillway dis-
charge is produced by the SPF, the discharge occurs on the recession
side of the flood hydrograph on Mahoney Brock and does not contribute
to the peak.

)y, WAYSIDE DAM

Tn order to prevent failure of the existing Wayside Dam by over-
topping, additional spillway capacity will be provided to pass the
peak discharge (510 cfs) of the standard project flood.

Three 72-inch by Ll-inch bituminous coated corrugated metal
pipe arches are being provided. A concrete U-shaped weir and stop-
log structure at the entrance to one of the pipes will maintain the
pond level at the present elevation. The sther two pipes will each
have a special sheet metal flared end section with 1ip elevation 1069.
The three pipes together will pass the standard project flood with a
maximm pool elevation of 1072.1 feet. The top of the earth dam will
be raigsed to elevation 1073.C, thus providing a freeboard of about
one foot. )

5, CHANNEL IMPROVEMENTS

a. Mahoneys Pond to Chelsea Street., The channel of Mahoney
Brook will be improved from Mahoneys FPond downstream to Chelsea
Street. A low weir L feet long, crest elevation 1050.0 feet, will
be consiructed to maintain Mahoneys Pond at its present level. The
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channel below the weir will converge gradually from a bottom width

of LS feet to a bottom width of 10 feet, which will be maintained

to the downstream end of the improvement. The side slopes will be

2 horizontal on 1 vertical. The bottom will slope uniformly from

the toe of the weir to the invert of the Chelsea Street culvert.

Dikes will be constructed along the left bank of the channel, Flate 9
shows a plan and profile of the proposed improvement.

The channel is designed to pass the peak discharge, 700 cfs of
the standard project flood as modified by reservoirs as illustrated
on Plate 1li. The bottom slope of the channel will be about 1.8 per-
cent. Velocity will be supercritical {10.L ft/sec} except where
affected by backwater,

There will be three hydraulic control sections. The first con-
trol will be the weir at the outlet of Mahoneys Pond. The present
cutlet has a capacity of only 2LO cfs before water begins to flow
over the earth dike. The proposed weir will pass the peak dis-
chgrge5 700 cfs of the standard project flood with a surcharge of
2.6 feet, '

The next control section will be at the downstream end of the
transition. Below this point the channel will be steeper than critical
slope,.

The third hydraulic control will be the culvert under Chelsea
and Summer Streets at the downstream end of the channel improvement.
Tt is 10 feet by é feet. The entrance will be improved by the re-
moval of the ell of a building together with its foundation walls.
The approach channel will be deepened to the grade of the culvert,
and new wing-walls will be constructed. The present capacity of the
opening under the building ell is only 300 c.f.s. This will be in-
creased to safely pass 600 c.f.s. by the proposed improvement. Plate
9 shows thie computed flow line for the standard project flood of 700
c.fo5.

‘b. Quality Pad Company. The improvement will consist of the
removal to elevation 1025.0 of the remains of the old gate struc-
ture at the Quality Pad Company dam downstream of Summer Street.

The existing structure has a discharge capacity of only 20 ¢fs be-
fore the water begins to overtop the dam. The channel just down-
stream of the gate structure is about 12 feet wide with rubble
masonry walls. The discharge capacity will be increased to approxi-
mately L20 cfs.



c. Boston & Maine Railroad Bridge. The complex of the South
Main Street bridge and the Boston & Maine Railroad bridge comprises
a serious restriction to major flows. The angle of the railroad
bridge abutments, immediately downstream of Main Street bridge,
partially impedes flow and causes it to make an abrupt turn. Utility
pipes suspended through the highway bridge, and low steel in the
railroad bridge produce further restrictions that will likely catch
debris during floods. Local dumping into the channel at the right
railroad bridge abutment has also reduced the cross~sectional area.
Reconstruction and realignment of the bridges are desirable hydraul-
ically but the cost of such improvements would be prohibitive. The
only feasible improvement is removal of the dumped material below
the railroad bridge and construction of a retaining wall to hold
the bank, This will increase the cross-sectional area at a critical
area and help deflect flow back into channel. The work at the rail-
road bridge, plus the removal of the remains of a dam at Travers
Street will improve the stage-discharge relationship upstream of the
two bridges. Assuming some impeded debris, it is likely that some
damage would be experienced during a standard project flood in the
area at the junction of Mahoney and Foster Brooks. As may be de-
duced from the profiles on Plate L, backwater from this section of
the brook will not affect other improvements on Mahoney and Green-
wood Brooks.

d. Danm at Traverse Street. The remains of a partially destroyed
dam, located just upstream of Travers Street and about 200 feet down-
stream of the railroad bridge described in 38-d, will be removed.
Complete removal of the dam will lower tailwater depths below the
railroad bridge, and hence improve the discharge rating curve of the
bridge complex at Scuth Main Street. Removal of the dam will also
improve flow conditions approaching the Travers Street Bridge.
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APPENDIX D

FOUNDATIONS, EMBANKMENTS AND MATERIALS

a, Foundation Conditions.

(1) Detailed geologic reconnaissance and a program of six (6)
foundation borings and twenty-nine (29) hand probings have been
completed to determine foundation characteristics for final design. -
The locations of all foundation explorations are shown on Plate No. 1l.
All foundation borings were made by continuous drive-sampling methods
in overburden for recovery of li-inch minimum diameter samples. Where
bedrock was important to design, or was encountered at shallow depths,
it was diamond-drilled for recovery of 2-1/8-inch diameter cores. All
soil samples obtained from the borings were visually classified accord-
ing to the Unified Soil Classification System, supplemented as neces-
sary by gradation tests. All rock cores taken from the borings were
inspected and logged. Detailed classification and description of
materials encountered in each of the foundation borings, and a table
of probing data are shown on Plate No, 12, A summary of laboratory
test results is shown on Plate No. 5-1.

(2) Reconnaissance and explorations in the structure areas
indicate the overburden materials to consist principally of glacial
till, overlain here and there by limited amounts of outwash and /or
swamp deposits, part or all of which are in some places capped by
substantial sections of artificial fill. These materials have a
combined thickness of five (5) to twenty (20) feet. Though differing
in mode of origin, the till, outwash and f1ll materials are similar in
character and are often difficult to distinguish from one another.
This is particularly true of the materials at and near the surface,

(3) The glacial till, which rests on bedrock, is widespread in
occurrence and, because it is present both at the surface and at depths
of generally less than 10 feet at most of the structure locations, it
constitutes the material upon which most of the structures will be
founded, These materials range from 3 to 10 feet in thickness and
consist largely of moderately compact, to compact gravelly silty
sands, (SM) and silty sandy gravels (GM); with numerous cobbles. The
outwash materials are rather limited in occurrence, being present
locally at some of the structure locations and totally absent at
others. These materials overlie the till in a variably thin section,

1 to 10 feet, and thereby constitute a small portion of the foundation
materials. The composition of these materials is guite similar to that
of the till except that their silt content is slightly lower and the
degree of compaction slightly less. For this reason the sands are
classed as (SP-SM) and the gravels as (GP-GM). Foundations for embank-
ments and structures will not be taken to rock except for the concrete
spillway at the Greenwood Brook site.
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(4) Deposits of soft muck, from 0.5 to 3.0 feet in depth, consti-
tute the surface materials in the bottom of the ponds and in the swampy
areas. This material consists mainly of organic silts. As indicated
by hand probings made along some of the structure alignments, these
deposits overlie firm or compact material consisting probably of sands
and gravels. Thin l-foot thick sectiona of silt (ML) were encountered
between the artificial fill and the natural deposits in foundation
borings made at the Wayside Pond and West Dike (Wright's Reservoir)
atructure locations.

(5) The artificial fill materials, which cap the natural deposits
at some locations, consist principally of silty sand, silty sandy gravel
and gravelly silty sand, all of which contain numerous cobbles, Cinders
and other debris are also present in the fill materials at a few loca-
tions. These fill materials range generally from a few feet to over 10
feet in thickness, heaviest accumulations being present in the existing
dikes.

(6) Bedrock, besides being exposed along the wesi side of Wright's
Reservoir, was encountered in foundation explorations at depths of 8 to
18 feet, elsewhere in the project area. These rocks are comprised of
granite, pegmatite and granitized schist. At the location of the pro-
posed concrete spillway structure on Greenwood Brook, bedrock was
encountered in borings FD-l and FD-5 at depths of 1h.l and 18,6 feet
respectively. Here the rock is a granitized schist and, though it is
highly jointed and fractured, is adequate for proposed structure founda-
tions., Bedrock was also encountered at a depth of 13.6 feet in boring
FD-6, located near the downstream end of the proposed conduit at the
Wayside Pond structure. This rock is a coarse-grained, much altered
and mineralized granite, yet has adequate foundation properties. Grani-
tic bedrock was encountered in borings FD-2 and FD-3 at depths of 8.7
and 15,1 feet respectively, along the southerly and central reaches of
the proposed Wright's Reservoir - Weat Dike, This rock will not be
involved in structure foundations however. It is not expected that bed-
rock will be encountered in channel improvement excavations between the
Mahoney Brook spillway location and Chelsea Street, downstream.

(7) The general level of subsurface water is high in the project
area, ranging from a depth of five (5) feet in areas adjacent to the
ponds and brooks, to or slightly above ground surface in the swampy
areas. This high level is effected by the presence of impervious till
materials and bedrock at shallow depths, and the numerous ponds and
brocks in the area, :

b. Availability of Construction Materials,

Because of the wide distribution of the structure locations on
this project and, in view of the small quantities of required embank-
ment materials, no explorations were made for borrow and borrow sources
have not been established., All types of random materials will be
obtained from required excavations, except for a limited amount for
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embankments at the north end of Wright's Reservoir; which materials will
be furnished by the contractor from developed or undeveloped sources of
which there are a nunber within a short haul distance of the structure
location. Gravel for £ill and bedding material may be obtained commerci-
ally from any of four sources within a 16-mile haul distance of the
project. Protection stone is available from three commercial sources
within a 15-mile radius of the project.

Concrete Aggregate. Approximately 300 cubic yards of concrete will
be required for construction of spillway weir and butiress walls. 1In
view of the small quantity of concrete required, aggregate investiga-
tion has been confined to established commercial sources supplying
transit-mix concrete plants within a 20-mile haul distance of the site,
R. T. Curtis, Incorporated, Barre, Massachusetts, has previously been
tested and approved as a fine and coarse aggregate source for other
Corps of Engineers projects. Data on this source are reported in
Technical Memorandum No., 6.370 "Test Data - Concrete Aggregate in
Continental United States," Volume 5. Latitude 42 - Longitude 72,
Index No. 9. The processing plant for sand and gravel and concrete
batching plant are located in Barre, Massachusetts, a ll.mile haul
distance from the project site. Curtis alsc operates a concrete plant
located in Templeton, Massachusetts, a haul distance of 4 miles from
the project site. P, J. Keating Company, with plants for processing
sand and gravel and crushed quarry stone and for batching concrete, are
located in Lunenburg, Massachusetts, a haul distance of 20 miles from
the project site. Keating also operates a concrete batching plant
located in Fitchburg, Massachusetts, a haul distance of 10 miles fram
the project site. Concrete materials from this source have been used
on many city and state projects in recent years, as well as Corps of
Engineers projects. The size of the project and the guantity of con-
crete does not warrant evaluation testing of concrete aggregate
sources, Approved sources of aggregates will not be listed in the
specifications. If the contractor elects other than a previously
approved source, evaluation testing will be performed on the source
submitted.

¢. Characteristics of Foundation Materials.

(1) General. A subsurface investigational program conducted to
gbtain data for design and engineering studies is described in para-
graph 1, "Site Geology." A general descripiion of the foundation
materials is given in paragraph 2, "Site Geology."

(2) Description and Distribution of Materiails.

(a) Dike and Spillway Structure (Wright's Reservoir). The
overburden materials in the foundation areas of the dike and spillway
at the north end of Wright's Reservoir consist mainly of a variable
natural deposit of firm non.stratified soils overlain, within the
present reservoir limits by a surficial deposit of organic silt, and
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overlain at the east end of the spillway foundation area by man-made
existing dike f£ill. The pertinent soils in the natural firm overburden
deposit are somewhat variable and consist of moderately compact to
compact silty sandy gravel (GP-GM) gravelly silty sand (SM) and silty
sandy gravel {GM), all containing numerous cobbles and boulders. In
general, the silt contents of the soils in this deposit vary between

10 and 35 percent by weight of the components of the materials passing
the Number L U. S. Standard Sieve, The limits and locations of the
various gradations of soils were not determined. The man-made dike fill
in the area at the east end of the spillway varies in thickness up to 11
feet and consists mainly of compact silty sandy gravel containing numerous
cobbles. The surficial deposit of organic silt within the limits of the
reservoir hasg a thickness of 1 to 3 feet and is very soft. The bedrock
surface at the east and west ends of the spillway area is at a depth of
18.6 feet (about elevation 1,052) and at a depth of 1L.1 feet (about
elevation 1,050) respectively. The topsoil in the land area is generally
less than 1 foot in thickness.

(b) West Dike (Wright's Reservoir). Overburden materials in
the foundation area of the dike at the west end of Wright's Reservoir
consist mainly of a firm non-stratified natural soil deposit overlain
from about Sta. 1450 to about Sta, S5+00, by fill materials of an existing
road, The natural firm soils are somewhat variable and consist of com-
pact gravelly silty sand (SM) and silty sandy gravel (GM), both of which
contain numerous cobbles. The silt contents of the soils in this deposit
vary between 15 and 35 percent by weight of the components of the materials
passing the Number k4, U. S. Standard Sieve. The limits and the locations
of the various gradations of the soils were not determined. The road
£i1l material varies in thickness up to about 8 feet at the location of
FD-3 and consists mainly of moderately compact silty sand and silty sandy
gravel, The bedrock surface was encountered at a depth of 8,7 feet (about
Elevation 1,060) at the south end of the alignment and at a depth of
15,1 feet (about Elevation 1055) at the center of the alignment. Bed-
rock was not encountered at the north end of the alignment to an explored
depth of 10 feet or about elevation 1,060, The topsoil in the area is
generally about 1 foot in thickness.

(¢) Dike and Conduit Structures (Wayside Pond). Overburden
materials in the foundation areas of the dike and conduit structures at
the west end of Wayside Pond consist mainly of firm non-stratified
natural soils, overlain, within the present pond 1limits by a surficial
deposit of 1 to 3 feet of very soft organic silt and overlain at the
north and south end and along the landside toe of the dike by road fill
materials, Natural overburden materials are variable in character con-
gisting of compact gravelly silty sand (SM) and silty sandy gravel (GM)
containing numerous cobbles. The silt contents of the materials vary
between 15 and 35 percent by weight of the components of the material
passing the Number L, U, S. Standard Sieve. The limits and locations
of the various gradations of the soils were not determined. The road
£411 material along the landside toe of the dike and at the north and
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south end of the dike varies in thickness up to about L feet and con-
sists of silty sandy gravel mixed with rubble and coal particies. The
surficial deposit of arganic eilt within the limits of the pond has a
thickness of 1 to 3 feet and is very soft. The bedrock surface was
encountered at a depth of 13.6 feet or about elevation 1,059.

(d) Dike and Spiliway Structure (Mahoney Pond). The overburden
materials in the foundation areas of the dikes and of the spillway struc-
ture at the west end of Mahoney Pond consist mainly of firm non-stratified
natural soil overlain, within the pond limits by 1 to L feet of very soft
orgenic silt and overlain, at the extreme west end of the dike west of
the spillway structure and in the reach of the dike south of the spillway
structure by man-made fill, Foundation drive sample borings were not
considered necessary at either the spillway or dike alignments because
of the very low heights of the structures. Site reconnaissance and
general geology of the area indicate that the firm foundation materials
underlying the very soft organic silt consist probably of silty sandy
gravel (GM) and gravelly silty sand (SM) having silt contents of fram
15 to 35 percent of the components of the materials passing the Number
L U. S, Standard Sieve., The man-made fill in the land area at the
extreme end of the dike west of the spillway structure varies in thick-
ness up to about 3 feet and consist mainly of loosely dumped sawdust and
wood shavings. The man-made fill in the land area of the dike south of
the spillway structure varies in thickness up to about 5 feet and consists
mainly of coal clinker, wood shavings, sand and gravel, bordered at the
waters edge by numerous large boulders. The topsoil in the area is
generally about 1 foot in thickness,

(e) Shear Strengths. No shear tests were performed on samples
of foundation materials for this project. On the basis of visual examina-
tion of the samples and their grain size distribution curves, the explora-
tion logs and experience with similar materials, the following minimum
values of angles of internal friction and cohesion are estimated for the
various types of foundation materialss

(1) All materials except man-made fills and organic silt
in the pond areas - @# = 30°, ¢ = 0,0 psf.

(2) Organic silt in pond areas - @ = 0°, ¢ = 200 psf,

(3) Man-made fills (except for rubbish, wood shavings
and other unsuitable material) - @ = 259, ¢ = 0.0 psf.

(f) Permesbilities. Considering the size and shape of the
structures, the low hydraulic heads, and the homogeneous character of
the foundation materials, the permeability characteristics of the founda-
tions are not considered to be of major significance except at the West
Dike at Wright's Reservoir. At the west dike of Wright's Reservoir, the
road fill materials consist of silty sandy gravel at the location of FD-3.
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For purposes of design, however, it is assumed that the materials vary
throughout the fill area, and it is estimated that the ﬁermeability of
the material will also vary from about 100 to 300 x 10™% cm/sec. The
permeability of the firm non-stratified material soils below the fili,
based on visual examination of the samples and their grain size curves,
varies from about 1 to 50 x 104 em/sec,

(g) Consolidation Characteristics. No consolidation tests
were performed on samples of foundation materials for this project.
Except for the organic silt, these materials exhibit very low compressi-
bilities. The organic materials, while relatively compressible, occur
generally in thin strata and their consolidation will be of minor
magnitude,

d, Design of Embankments.

(1) Criteria. Current design criteria as set forth in the pertinent
sections of the Engineering Manual for Civil Works Construction have been
followed in the design of the embankments for this project.

(2) Selection of Embankment Sections. Typical embankment sections
for this project are shown on Plate Nos. 5, 6, 8, and 9. The embankment
sections selected for the dikes have been developed from investigations
and studies of foundation conditions and of the characteristics of avail-
able construction materials and foundation soils. The selected dike
sections (except for the dike south of the spillway structure at the
west end of Mahoney Pond) are essentially of the homogeneous rolled-earth
fill type except in pond areas below an elevation 2 feet above exlsting
water surface, where the embankment material will consist of either
dumped gravel fill or dumped random fill. The dike south of the spillway
at the west end of Mahoney Pond will be composed entirely of dumped
random £ill. The dikes will have seeded topsoil on the land slopes and
on that partion of the pond slopes above water, except for an area im-
mediately adjacent to the inlets of the conduit structures at the
Wayside Pond Dike where stone slope protection will be used on the pond
side slope., Embankment heights are generally less than 6 feet on the
lard side except at the West Dike at Wright's Reservoir where the
maximum height of dike is upwards of 16 feet. Embankment heights on
the pond side are generally under 6 feet except for the Dike at the
north end of Wright's Reservoir where the maximum height of dike ap-
proaches 11 feet. Side slopes of 1 vertical on 2 horizontal have been
adopted for all land dikes and for those portions of pond dikes to be
constructed above an elevation 2 feet above existing water surfaces,

For the portions of dikes to be constructed below water, to provide a
firm foundation for the overlying dike, the fill will be constructed
with a 15-foot berm and a 1 on 3 slope at the north end of Wright's
Reservoir, and a 5-foot berm and a 1 on 3 slope at the West end

of Mahoney Pond. The wrap-around sections, where the dikes butt up
againat the spillway structures at the north end of Wright's Reservoir
and at the west end of Mahoney Pond, will be composed of compacted
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impervious £ill. Erosion control at the wrapwaround toes will consist
of stone slope protection over gravel bedding extending into the river
channel.

(3) Characteristics of Embankment Fill Materials. Embankment fill
materials will be obtained from required excavations and from approved
_sources furnished by the contractor, Impervious fill material to be
furnished by contractor will consist of non-plastic glacial till con-
taining from 75 to 95 percent of particles passing the Number L U. S.
Standard Sieve and at least 25 percent passing the Number 2C0 U, S,
Standard Sieve. It is estimated that the impervious fill material in
place will have a coefficient of permeability of 1 x 10-4 em/sec and
will develop an angle of internal friction of at least 30 degrees.
Gravel f£ill material to be used in those portions of the embankment
placed in water will be furnished by the contractor and will consist of
gravelly sand or sandy gravel containing from 4O to 70 percent of parti-
cles passing the Number L U, S, Standard Sieve and no more than 15 per-
cent of the fraction passing the Number L U. S, Standard Sieve shall
pass the Number 2C0 U. S. Standard Sieve. It is estimated that this
material if placed without compaction will have a coefficient of permea-
bility of from 20 to 100 x 104 ¢m/sec, Random f£ill will consist of
five different types of materials and will be obtained either from
required excavations or from approved sources furnished by the contractor,
as discussed hereinafter. Random fill, Material A, to be furnished by
the contractor, and random fill, Material B, to be obtained from required
excavations for the spillway structure at the north end of Wright's
Reservoir will be used to form a foundation for embankments within the
reservoir limits, and as f£ill for the spillway structure and will con-
sist of non-plastic granular material free of debris, stumps, topsoil,
and crganics, Random £ill, Material C, to be obtained from the
required excavation for the precast concrete crib wall at South Main
Street will be used as dumped fill behind the crib wall structure and
will be free of debris, stumps, topsoil, and organics. Random fill,
Material D, will be cbtained from the required excavation for the pipe
conduits at Upper Wright'!s Reservoir and will be used as fill around
and above the pipe conduits and will be free of debris, stumps, road
pavement , topsoil and organics. Random fill, Material E, will be
obtained from the required excavation for the channel improvement west
of the spillway structure at the west end of Mahoney Pond and will be
used in the embankment southwest of the spillway structure. The
material will consist of solid f£ill and will not include c¢learing and
grubbing material or nested boulders, It is estimated that each of the
five types of random fill material ﬁn place will have a coefficient of
permeability of from 5 to 100 x 10=Y cm/sec. and each will develop an
angle of internal friction of at least 25 degrees,

(L) Control of Seepage. In view of the very small hydraulic heads
acting on the dike embankments and of the low permeability of the
impervious fill and non-stratified foundation materials; special

D7



provisions far control of seepage through the embankments and founda-
tions is not required except at the West Dike of Wright's Reservoir,
In the roadway reach of the West Dike, the road fill materials are
relatively pervious (based on samples taken at the location of FD-3),
and detrimental dike foundation seepage could occur if not properly
controlled, To control seepage through the embankment foundation in
this reach, a zone of gravel fill has been incorporated into the land-
gide toe of the embankment section.

(5) Slope Stability. Slopes of 1 on 2 for the land embankment
sections are considered to be adequately safe against shear failure
because of the low embankment heights and presence of firm foundation
materials. Slopes of 1 on 2 have also been adopted for the embankment
section extending across Wayside Pond where 1 to 3 feet of very soft
organic silt is present over the firm foundation materials. These
slopes are considered adequate because the embankment is low in height
and will not be subjected to any hydraulic head, and it is anticipated
that most of the very soft organic silt will be displaced when the embank-
ment fill materials are placed. In other reaches of dike alignments that
extend across ponds containing surficial deposits of 1 to L feet of very
soft arganic silt and are subjected to hydraulic heads up to about 8 feet,
slopes of 1 on 2 have been adopted for the land dikes to be constructed
zbove an elevation 2 feet above existing water surface and for the
portions of the dikes to be constructed below water which will serve as
a foundation for the overlying embankments., A 15-foot berm with a slope
of 1 on 3 has been adopted at the north end of Wright's Reservoir, and a
S-foot berm with a 1 on 3 slope at the west end of Mahoney Pond. Al-
though these embankments will be constructed on the soft deposit of
organic silt, the slopes provided are considered adequate because of
the low heights of the embankment and because it is plamned to push ocut
most of the very soft organic silt to the front of the waterside toe of
dike.

{(6) Settlements. It is anticipated that, in general, settlement
of the embankment foundation and the embankment materials will not be
significant and will occur 'during construction.

(7} Slope Protection. Since it i3 anticipated that the water side
slopes of the dikes will not be subjected to any significant wave,
seeded topsoil is considered adequate to provide protecticn against
erosion, Stone slope protection, 12 inches in thickness, over 12 inches
of gravel bedding is provided immediately adjacent to the inlets of the
conduit structures where eddying action could occur. The stone slope
protection will be reasonably well-graded from a minimum size of stone
of approximately 2-.inch diameter to a maximum size of approximately one
cubic foot. Average size of stone will be between 30 and 50 1lbs. with
diameter between 8 and 10 inches, respectively. Maximum size of stone
will not exceed 150 lbs. Landside slopes will also be topsoiled and
seeded to provide protection against erosion,
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(8) Construction Considerations.

(a) Removal of Unsuitable Foundation Materials. Removal of
unsuitable foundation materials will be limited to the stripping of top-
soil and the excavation of man-made fill at the extreme end of the dike
west of the spillway structure at the west end of Mahoney Pond.

(b) Embankment Construction in Water. As indicated on the
typical embankment sections, embankment fill to be placed in water be-
neath the pond side slopes of the dikes will consist of dumped gravel
£ill and dumped random fill having the characteristics described pre-
viously in this report. Dumping of f£ill materials will commence at the
edge of the ponds and will progress towards the center of the ponds in
order to push the very soft organic silt to the front of the waterside
toe of the dikes so that it will not become trapped in the foundation
areas. In order to provide a trafficable surface, the material will be
dumped to an elevation 2 feet above present water levels.

(c) Spoil Area., No spoil area will be provided. Spoil
material, to be spoiled off the project site, will become the property
of the contractor.

e, Design of Channels.

(1) Slope Stability. Explorations to determine the character of
overburden materials, were noct made along the channel alignment West of
the Mahoney Pond spillway and along the channel alignment north of the
Wright's Reservoir spillway. Site reconnaissance and general geology of
the area indicate that the overburden materials are firm and consist
probably of silty sandy gravel (GM) and gravelly silty sand (8M) having
silt contents of from 15 to 35 percent of the components of the materials
passing the Number L U, S, Standard Sieve. The topsoil cover in the
channel areas is about 1 foot in thickness. Channel side slopes of 1 on
2 have been adopted and are considered sufficiently adequate for the 5
to 6-foot maximum height slopes based on previous experience at other
sites with similar overburden materials.

(2) Slope Protection. Estimated velocity in the Mahoney Pond
channel and in thé Wright's Reservoir channel are 10 and 6 ft/sec.,
respectively, which require stone slope protection along both sides and
bottoms of the channels. The stone slope protection will have a mini.
mam thickness of 12 inches and will be laid on a 12-inch thickness of
gravel beddirng in order to prevent undercutting. The stone slope pro-
tection will be reasonably well-graded from a minimum size of stone of
approximately 2-inch diameter to a maximum size of approximately one
cubic foot. Average size of stone will be between 30 and 50 lbs.,
with diameter between 8 and 10 inches, respectively. Maximum size of
stone will noh exceed 150 1bs.
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(3) Foundation Seepage Control for Concrete Structures. The spill-
way structure at the north end of Wright's Reservoir will be founded on
bedrock and detrimental foundation seepage below the structure will not
occur., To prevent detrimental seepage around the ends of the wingwalls,
a wrap-around section having a creep ratio of more than 6 has been pro-
vided. The spillway structure at Mahoney Pond will be constructed on
natural firm non-stratified relatively impervious materials and will be
subjected to a maximum hydraulic head of about 2 feet. In view of the
non-gtratified character of the foundation soils, the low.hydraulic head,
and a provided creep ratio greater than 6, the structure is considered
safe against failure due to seepage.

(4) Foundations for Concrete Structure. The foundation conditions
for the concrete spillway structures are described and discussed in Para-
graph 1, above, The control of foundation seepage 1s discussed in Para-
graph L, above, The foundation grade for the spillway structure at
Mahoney Pond has been established at such an elevation as to provide a
silty sandy gravel or gravelly silty sand foundation of sufficient bear-
ing capacity to safely sustain the anticipated loadings. The concrete
spillway structure at the north end of Wright's Reservoir will be con-
structed on bedrock.

(5) Seepage Control Along Embedded Pipes. The pipe conduits at
the west end of Wayside Pond and at Upper Wright's Reservoir will consist
of 72" x LL4" Bituminous Coated Corrugated Metal Pipe Arghes. The hydraulic
head acting on the pipe conduits at the west end of Wayside Pond could be
upwards of about 6 feet, and detrimental seepage could occur along the
contact of the corrugations of the pipe and the fill material; if not
properly controlled. To control the seepage along the pipe, a concrete
glab 1 foot thick, for a distance of 20 feet at the waterside end, has
been provided along the bottom and along the sides of the pipes up to
the spring line., The concrete will provide a tight seal between the
corrugations and the fill material, To control seepage along the sides
of pipes, specification will provide for the placing of fine materials
immediately adjacent to the pipes so that corrugations will be completely
filled. Detrimental seepage along the pipe conduits at Upper Wright's
Reservoir is not expected to occur because of the very low hydraulic
heads and long path of seepage.
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AFPPENDIX E

STRUCTURAL DESIGN

. Purpose. - This section of the design memorandum presents
the design criteria, basic datea and assumptions used in the struc-
tural design of the appurtenant structures. A brief description of
the structures with loading conditions end assumptions used is in-
cluded to show the design procedures. Typical computations ere in-
cluded in the Appendix showing the maximum conditions for the crit-
ical structures.

b. Scope. - The structural design of the spillway retaining
valls, spillways and cridb wall is included herein.

¢. Deslgn Criteria. -

(1) General. - All working stresses conform to those
specified in the Engineering Manual EM 1110-1-2101, "Working
Stresses for Structural Design," dated 6 January 1958. lLoading
conditions, design assumptions and other design criteris are based
on the following epplicable parts in the Englneering Manual for
Civil Works; Standard Practice for Concrete (Part CXX, October 1953),
Structursl Design of Spillway end Outlet Works (Part CXXIV, Dec.
1952) and Retaining Walls (EM 1110-2-2502, dated 29 May 1961). Ac-
cepted engineering practice has been employed in cases where the
Engineering Manual for Civil Works does not apply.

(2) Concrete. - The following table lists the concrete and
reinforced concrete stresses used in the design of structures.

(1) Structures Other Than Concrete Pipe. -

Flexure Lbhs. Per 5q. In.
Extreme fiber stresses in compression 1,050
Extreme fiber stresses in tension (plain concrete) 60

Shear (v) - 90

Bond~(u) Deformed Bars -

Top bars 210
A1l others 300
Modular Ratio-(n) - 10
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(3) Reinforcement. -

(a) Grade snd Working Stresses. - All reinforcement
in the structures ineluding tempersture and shrinksge reinforcement
wvas designed for the working stresses of new billet steel, inter-
mediate grade, deformed bars which is 20,000 p.s.i. in flexural ten-
gion. The reinforcement will conform to the requiréments of Federal
Specification QQ-8-632, Type II, Grede C and to ASTM A-305-56T.

(p) Minimum Cover for the Main Reinforcement. - The
minimum cover from main steel reinforcement to surface was maln-
tained at 3" except for bottom of base slabs which will be &,

(c) Bplicas. - All splices will be lapped 24 diame-
ters to develop by bond, the total working strength of the bars.

E)

(d) Temperature and Shrinkage Reinforcement. - Tem-
perature and shrinkage reinforcement will Be provided where the main
reinforcement extends W only one direction. Such reinforcement
will provide for a ratic of steel ares to concrete area (vd) of
0.002 with a minimum of .0012 in esch face up to a maximum of #6
bars at 12" cc.

d. Basic Data and Assumptions. -

{1) Controlling Elevations of Dam and Appurtenant Struc-

tures (m.s.l.). -

{(a) Wrights Reservoir. -

Top of Dam 1076.0
Spillway Crest 1070.0

Maximun Water Surface Jjust upstream at 1075.0
Spillway Weir

(b) Mahoney Pond

Top of Dam 1055
Spillway Crest 1050

Maximm Water Surface jJust upstream at 1053
Spillway Weir



(2) Losds. -

() Desd Losds. - The following unit weights for mate-
-rials were used:

MATERIAL UNIT WEIGHT (Lbs/cu.ft.)

Dry Seturated Moist Submerged

Earth £111 130 1ho 1ho 82
Concrete (plain & reinforced) 150

(3) External Water Pressure. - Trisagular distribution of
the water pressure in the reservoir pool on the structures was used.
Tallwater pressure was taken at 60% of full value for the spillway
section.

(4) Internsl Water Pressure. - Uplift pressure under struc-
tures was assumed effective on 166% of the area of the base, varying
uniformly from tailweter head at the toe to full headwater at the heel.

(5) Earth Pressure. - Earth pressures were determined in
general accordance with EM 1110-2-2502, Retaining Walls, dated 29 May
1961. "At rest" pressures were used in all cases.

(6) Earthquake Forces. ~ Because of the small size of the
structures involved, earthquake forces are not & factor and were dis-
regarded,

(7) Ice Pressurs. - Horizontal forces due to ice pressure
were included in thne design of the welrs. A value of 6,000 lbs. per
linear ft. was used in the design of the Wrights Pond Spillway. A
value of 2,000 1bs. per ft. was used for the Mahoney Pond Spilllway be-
cause of the upstream sbape of the weir which tepde to force the ice
upward at the weir.

(8) Frost Protection. - On the basis of temperature records
and frost penetration depth curves derived by the Arctic Construction
and Frost Effects Laboratory of the Corps of Engineers, a minimum
frost protective cover of 4 feet above foundation level will be used
for any structures founded on earth.

¢. Weir at Wrights Reservoir. -

(1) Description. - The ogee shaped weir ig spproximately 60
feet in length with crest elevation at 1070 and channel bed elevation
et 1058, The abutments ars gravity type walls. The spillway and
sbutments will be founded on rock. Contraction joints in the weir will
be provided at an 20°-0" spacing.
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(2) Spiliwsy Stability. - The following loading conditions
were investigated in the design.

Case I - Reservoir empty and dead load of welr.

Case II - Reservoir to spillway crest, no tallwater,
uplift varying from full headwater at the heel to O at the toe.

Case III - Reservoir at El. 1066 with ice load applied.

Case IV - Reservoir at maximum surcharge elevation of
1075.0 and maximum tailwater elevation at 1066.6, uplift varying from
maximim headwater at heel to maximum tailwater at tos.

(3) Spillway Design. - Maximm bearing is only 3040 psf
under Case I losding and the resultant falls within the middle third
of the base for all conditions of loading. Under Case IV loading
the shear friction coefficient was found to be 9.6 and rock anchors
will not be regquired.

(4) Gravity Wall. - The gravity wall at the abutments was
investigated for a normal condition assuming saturated soil behind
the wall snd a flood condition with water to meximum surcharge ele-
vation 1075.0 and teilwater at the base of the wall. An at rest co-
efficlent of 0.5 was used.

f. Welr at Mshoney Pond. -

(1) Description. - The ogee shaped weir 1s approximately
45 feet in length with crest elevation of 1050. The spillway will
be founded in esrth. GCravity type walls will be utilized for each
abutment.

(2) Spillway Stebility. - The spillway was investigated
for loeding conditions similar to Wrights Reservoir spillway, except
thet the ice losd was teken st 2000 lbe. per ft. horizontally.

{3) Spillvey Design. - Meximum bearing is 1173 psf under
Case I loading. The maximm lateral pressure will be registed by
passive pressure and a key has been provided on the upstream edge to
develop the passive pressure. Steel reinforcement will be provided
in the key only.

(4) Gravity Walls. - The gravity walls will be investi-
gated for the construction condition; & rapid-drawdogm ‘condition assum-
ing saturated soil snd no uplift snd a flood condition with water-at
maximum surcherge elevation of 1053. An at rest coefficient of .5
will be used.

E<h



g. Crib Walls. - The crib wall will be either commercially

aveilable concrete interlocking ties or metal cribbing. Stability
computations are included for the concrete type cribbing.

h. Metal Culvert Pipes. - Wherever metal culvert pipe 1s in-
dicated, 1t will be commercial corrugated pipe designed to carry high-
way or earth dike loadings in accordance with AASHO and the manufac-

turer's standards.
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